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HE ETIOLOGY of cirrhosis of the liver has not been fully eluci- 

dated. In a certain small percentage of cases the disease is depen- 
dent on exposure to hepatotoxic agents, such as arsenic, cinchophen, 
carbon tetrachloride and other chemicals. In a larger percentage, 
varying with the type of population studied, the condition is associated 
with chronic alcoholism. In these cases it may be that diets deficient in 
protein initiate the development of fatty liver and eventual transition 
to cirrhosis, in accord with results of experimentation on animals.” 
This subject has been reviewed recently by Gyorgy *° and need not be 
considered further at present. In addition to the cases of cirrhosis of 
the liver associated with chronic alcoholism, there remains, however, 
a fairly large group of cases not readily classified. The question has 
been raised in the past as to whether infectious hepatitis (infectious 
jaundice; acute catarrhal jaundice) may be an important factor in the 
pathogenesis of cirrhosis in a certain proportion of cases. This relation- 
ship has been affirmed by some and denied by others. F. B. Mallory, 
in his classification of cirrhosis, described the so-called toxic cirrhosis 
or healed acute yellow atrophy, which is characterized by a smal! liver 
with large, irregular lobulations separated by contrasting but non- 
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proliferative connective tissue.* This form resembles the hepar lobatum 
of an old syphilitic condition and differs fundamentally from a diffuse 
cirrhosis of the so-called portal, or Laennec, type. Additional examples 
of “healed acute yellow atrophy” or “toxic cirrhosis” representing the 
end result of infectious hepatitis have been described by Bergstrand,* 
More recently, Lucké,® in discussing the pathologic changes in cases of 
fatal hepatitis, figured typical examples of the “hepar lobatum” of 
so-called toxic cirrhosis, although he did not use the term cirrhosis 
in discussing them. In any event, the condition is comparatively rare 
dnd accounts for but relatively few of the cases presenting the clinical 
picture of hepatic cirrhosis. 

One is impressed by the lack of definite criteria in the literature 
relating to “toxic cirrhosis” and “healed acute yellow atrophy.” Thus 
Pratt and Stengel® described 5 cases of “toxic cirrhosis” only 2 of 
which had a history of previous jaundice, and in both of these instances 
the illness today would undoubtedly be called infectious hepatitis rather 
than acute yellow atrophy. Furthermore, the pathologic descriptions 
indicated the presence of a diffuse cirrhosis rather than of an irregularly 
nodular “toxic cirrhosis” in Mallory’s sense. It is probable that these 
cases represent instances of diffuse portal cirrhosis developing as a 
sequel to infectious hepatitis. Jones and Minot’ studied 26 cases of 
infectious hepatitis (catarrhal jaundice) with courses varying from 
less than two weeks to six months. In 5 of these the condition 
progressed to undoubted portal cirrhosis, with confirmation at autopsy 
in 2 instances. It was their opinion that this relationship had not 
been fully appreciated. Soffer and Paulson,® using the bilirubin toler- 
ance test, found evidence of residual hepatic functional impairment in 
9 of 11 patients with infectious hepatitis, 8 of whom had been in the 
acute stage of the disease from three to eighteen years previously. 
They expressed the opinion that in a certain unspecified proportion of 
cases of infectious hepatitis the disease runs a progressive course, 
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ultimately leading to portal cirrhosis. Lucké,® on the other hand, having 
examined at autopsy (death being due to unrelated causes) or biopsy 
specimens during the convalescent period in 14 cases of hepatitis at 
varying intervals from the acute attack, expressed doubt that such a 
relationship exists. The number of cases in Lucké’s study is, of course, 
much too small to permit any conclusion in this regard. It is worthy of 
note that in the large series of fatal cases of subacute atrophy of the 
liver which Bergstrand observed in epidemic form in Sweden in 1927 
there were the following distinct types of cirrhosis: hepar lobatum 
(corresponding with the toxic cirrhosis of Mallory); diffuse, coarsely 
granular Laennec cirrhosis, and diffuse, finely granular Laennec cir- 
rhosis.* Eppinger ?® suggested that many of the cases of what Berg- 
strand termed subacute atrophy were of what would now usually be 
classified as “icterus catarrhalis,” in other words, what has come to be 
referred to generally as infectious hepatitis. This simply emphasizes 
the relationship between infectious hepatitis and acute or subacute 
atrophy of the liver, and there seems to be general agreement that the 
only difference is one of degree of severity. 

Relatively few statistical studies have been carried out on the inci- 
dence of previous jaundice in cirrhosis of the liver. Of Bloomfield’s 
41 patients, 36 of whom were alcoholic patients, 4, or approximately 
10 per cent, had had a previous episode of jaundice." Of the 386 
patients with cirrhosis collected by Ratnoff and Patek,’* but 25, or 
6.5 per cent, had had previous episodes of jaundice, and no attempt 
was made in their study to define the type of jaundice experienced. 
Two hundred and seven, or 54 per cent, of their cases were associated 
with chronic alcoholism, and it may be assumed that a fatty liver and 
hence an intermediate fatty cirrhosis was the usual sequence of events 
in the development of the portal or atrophic cirrhosis which was 
observed. Eppinger ** stated that 14 per cent of 269 males and 12 per 
cent of 107 females suffering with cirrhosis had a previous history of 
“catarrhal jaundice.” In the same material the incidence of alcoholism 
was 52 and 19 per cent respectively. 

The occurrence of large numbers of cases of infectious hepatitis 
during the war which has just ended, especially among members of 
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the armed services, together with an experience with a number of 
cases in which there was evident progression of infectious hepatitis 
to cirrhosis, has stimulated our interest in the question of incidence of 
antecedent jaundice in cirrhosis of the liver. The purpose of the present 
study was to obtain further information on this point, with particular 
reference to the cases of cirrhosis at the University of Minnesota Hos- 
pital as observed during the past ten years. 


MATERIAL AND METHODS 


The case records of all patients with cirrhosis admitted to the inpatient ser- 
vices of the University of Minnesota Hospital in the past ten years were analyzed 
with special regard to previous episodes of jaundice. During the period 1935 to 
1944 inclusive, records were available on 100 patients with a diagnosis of cirrhosis 
of the liver. In 30 of the cases the diagnosis was proved by biopsy of the liver 
or at autopsy. Fifty-two of the remainder were clearcut cases of cirrhosis 
clinically and on the basis of laboratory studies. In the remaining 18 the diag- 
nosis was somewhat doubtful, for the following reasons: 1. In 5 cases an obstruc- 
tive biliary cirrhosis on the basis of a “silent” calculus was not definitely excluded. 
2. In 5 cases the laboratory findings were not entirely typical. Numerous tests 
of hepatic functions, some of them no longer used, have been employed in the Uni- 
versity Hospital during this ten year period. It is beyond the scope of this 
paper to discuss the validity of the various tests. Suffice it to say that since 1940, 
at least, the sulfobromophthalein retention test and the Takata-Ara test, or more 
recently, the cephalin-cholesterol flocculation test have been carried out in almost 
all the cases of cirrhosis. In all cases in which these tests were made, one or 
more tests showed an abnormal reaction. 3. In 3 cases positive results of serologic 
tests of the blood suggested the possibility of syphilitic hepatic damage. 4. In 
5 cases the diagnosis of cirrhosis was doubtful for miscellaneous reasons. It was 
our impression, after careful study of the records, that at least 10 of these 18 
cases did in fact represent instances of cirrhosis. 

The control series consisted of 100 patients with miscellaneous disorders exclud- 
ing hepatic disease of any type. This group corresponded to the group with 
cirrhosis so far as sex distribution, age (in the same decade of life) and year of 
last admission to the hospital were concerned. 

The establishment of a previous episode of jaundice as definitely representing 
infectious hepatitis was difficult in many cases. It was believed that if an attack 
of jaundice had occurred several years before the onset of the patient’s present 
illness and had been associated with jaundice in members of the patient’s family 
or other persons in the neighborhood, it almost certainly represented infectious 
hepatitis. 

In addition, when a previous attack of jaundice had the following character- 
istics, the history was considered to be highly suggestive of infectious hepatitis : 
(1) jaundice preceded by or accompanied with anorexia, nausea and, usually, 
vomiting; (2) lack of pain or at most a vague distress in the right upper 
quadrant of the abdomen or epigastrium; (3) spontaneous clearing. Further, if 
an episode of spontaneously clearing jaundice occurred in the patient’s youth, i. e., 
before the age of 20, it was considered to be indicative of infectious hepatitis even 
if no further details were given. Weil’s disease, which might offer confusion in 
this regard, is extremely rare in Minnesota. 

The criteria for alcoholism are admittedly inexact. Few case records men- 
tioned specific amounts of alcohol ingested; therefore, statements to the effect 








HOWARD-WATSON—JAUNDICE IN CIRRHOSIS OF LIVER’ 5 


that patients had severe or moderate alcoholism were taken at face value. Pos- 
sibly a few cases of alcoholism were missed, but it is our experience that a 
history of alcoholism, if present, may usually be obtained from relatives or friends 
if not from the patient. 


RESULTS 


Of the 100 patients with cirrhosis, 67 (67 per cent) were men and 
33 (33 per cent) were women. Twenty-three of the men and 2 of the 
women, a total of 25 (25 per cent), were clascified as having severe 
alcoholism. 

Thirty-three of the 100 patients (33 per cent) had been jaundiced 
at some time previously (table 1). Seventeen of these (17 per cent 
of the total) gave histories strongly suggestive of an episode of infec- 
tious hepatitis in the past. Two of these 17 persons also had severe 
alcoholism. Three patients in addition may have had infectious hepatitis 


TABLE 1.—Antecedent Jaundice in Cirrhosis of the Liver 








A. 100 cases of cirrhosis of the liver 


1. 33 patients (33%) had a history of previous jaundice. 17, (17%) 
had clearcut infectious hepatitis 


. 86 patients (36%) had definitely had no jaundice in the past 
3. 50 patients (50%) had records which did not indicate whether 
or not there had been jaundice in the past 
P. Control group—100 cases of miscellaneous disorders 


1. 7 patients (7%) had a history of previous jaundice. 3 (3%) 
had had possible attacks of hepatitis 


2. 43 patients (48%) had definitely had no jaundice in the past 


3. 50 patients (50%) had records which did not indicate whether 
or not there had been jaundice in the past 





in the past. One of these had had jaundice thirty years previously, 
with no further details given. In this case the diagnosis of cirrhosis 
was not definite, the main problem being the presence of anemia which 
did not respond to any form of therapy, and the patient was considered 
to have latent cirrhosis. The second was a 3 year old boy who had 
been jaundiced from the age of 6 weeks to that of 5 months and then 
free of symptoms until he was 2% years old, at which time character- 
istic symptoms and signs of cirrhosis developed. Biopsy of the liver 
revealed typical cirrhosis. The third patient had had a ten day bout of 
jaundice ten years previously, coincident with the use of iodine ther- 
apy for hyperthyroidism. The remaining 13 patients had had previous 
jaundice which was probably not infectious hepatitis. Seven of these, 
including 3 alcoholic patients, had had intermittent jaundice for one 
to nine years previous to their admission to the hospital, most probably 
accounted for by the onset of cirrhosis at that time. Three others were 
patients with ulcerative colitis, which may well have been related to 
the development of cirrhosis. Of the 3 remaining patients with previous 











6 ARCHIVES OF INTERNAL MEDICINE 


jaundice, there was a question of hemolytic anemia in 1, another had 
had gallstones and in the third a primary carcinoma of the liver was 
found at autopsy, with “scarring of the remainder of the liver.” Whether 
this indicated an underlying cirrhosis was not clear from the protocol. 


Of the 67 males in the cirrhotic group, in whom the incidence of 
alcoholism was 34 per cent, 20, or 30 per cent of the group, had a 
history of previous jaundice, and 8, or 12 per cent, had probably had 
hepatitis in the past. On the other hand, in the 33 women, only 2 
(6 per cent) of whom had alcoholism, 13, or 40 per cent of the group, 
had been jaundiced previously, and 9, or 27 per cent, had probably had 
hepatitis in the past. 

Thirty-six (26 per cent) of the whole group gave no history of 
jaundice previous to the onset of the present complaint. Ten of these 
had severe alcoholism. The records of the remaining 31 patients (31 
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Antecedent jaundice in cirrhosis of the liver. 


per cent) failed to indicate whether jaundice had or had not been 
present at any time in the past. Nine of these were patients with 
severe alcoholism. 

In the control series of 100 patients with miscellaneous disorders, 
only 7 (7 per cent) had had jaundice at some time previous to their 
admission to the hospital. Forty-three (43 per cent) gave a history 
of no jaundice at any time, while the records of the remaining 50 (50 
per cent) failed to indicate whether jaundice had or had not occurred 
in the past. Of the 7 patients who had had jaundice previously, only 
3 (3 per cent of the total) gave histories suggestive of episodes of infec- 
tious hepatitis. 

In figure 1, in which the percentages for the two series are com- 
pared, it is seen that the figures are based on the entire group of 100 
patients in each instance, including those whose records failed to con- 
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tain a statement as to previous jaundice. If these are eliminated from 
both series, it is found that 33 (48 per cent) of 69 patients in the 
cirrhotic group and 7 (14 per cent) of 50 patients in the control group 
had had jaundice previously. The probability that such a difference 
would arise through chance alone is less than 1 in 10,000.** In terms 
of histories of probable hepatitis the figures are: 17 (23 per cent) of 
69 cases in the cirrhotic group compared with 3 (6 per cent) of the 
control series of 50 cases. The statistical probability is similarly less 
than 1 in 10,000 that chance alone might account for the difference. 

Of 75 patients with no history of alcoholism, 27 (36 per cent) had 
had jaundice previous to the onset of the present complaint. Fifteen 
of these (20 per cent) had histories strongly suggestive of hepatitis 
previously, while an additional 3 (4 per cent) had had possible hepatitis 
in the past. As noted in the foregoing, but 2 of the 25 alcoholic patients 
in the series gave a history suggestive of hepatitis. 


TasLe 2.—Antecedent Jaundice in Cirrhosis of the Liver Proved by 
Autopsy or Biopsy 








30 cases 


14 patients (47%) had a history of previous jaundice 
7 (28%) had had clearcut infectious hepatitis 
7 (23%) had definitely had no jaundice 


9 (30%) had records which did not indicate whether or not 
there had been jaundice in the past 





_ Of the 30 patients who had a diagnosis of cirrhosis proved at autopsy 
or biopsy (table 2), in 14 (46 per cent) the symptoms were highly 
suggestive of infectious hepatitis, 7 (23 per cent) had had no jaundice 
in the past, and no definite statement was made in the records of the 
remaining 9 (31 per cent). It will be seen that the correspondence 
between these figures and those for the group as a whole is close, 
especially when the comparatively small size of the former group is 
considered. 

Eighteen cases were mentioned previously in which, for various 
reasons, the diagnosis of cirrhosis of the liver was somewhat doubtful. 
Two of these were cases in which a previous episode of hepatitis seemed 
likely. Of the 82 patients, then, for whom the diagnosis of cirrhosis 
was established with reasonable certainty, at least 15, or 18 per cent, 
had probably had hepatitis in the past. When the doubtful cases were 
excluded, the percentage of cases with a history of probable hepatitis 
is seen to be slightly higher than in the entire group. 


14. Prof. Alan Treloar, Division of Biostatistics, University of Minnesota, 
supplied us with this analysis. 
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COMMENT 

Watson and Hoffbauer *° have described in detail the case of a 48 
year old woman, one of the instances included in the present series of 
cases of cirrhosis. This patient had had a definite attack of infectious 
hepatitis in 1912, at the age of 15. She remained intermittently jaun- 
diced for the ensuing thirty years, presenting the clinical picture of 
Hanot’s cirrhosis, i. e., chronic jaundice, pruritus and hepatospleno- 
megaly without ascites. Death occurred following a large hemorrhage 
from an esophageal varix. A biopsy of the liver performed in 1936 
revealed pronounced chronic hepatitis with early cirrhosis. Another 
biopsy of the liver in 1945 showed a considerably more advanced cir- 
rhosis, a finding borne out at autopsy in the same year. This is perhaps 
the most striking instance yet recorded in which infectious hepatitis 
has gradually undergone transition to cirrhosis of the liver. 

Watson and Hoffbauer emphasized that the cirrhosis following 
hepatitis is of the relatively nonfatty type, in contradistinction to the 
typically fatty cirrhoses of chronic alcoholism and food deficiency. The 


Tasie 3.—Alcoholism Versus Antecedent Jaundice in Cirrhosis of the Liver 








Ratnoff and Patek, 1 Alcoholism, 54% 


386 cases Antecedent jaundice, 6.5% 
Eppinger, Alcoholism, 42% 

376 cases Antecedent jaundice, 13% 
Present series, Alcoholism, 22% 

100 cases Antecedent jaundice, 33% 





cirrhosis occurring after hepatitis is at times of “cholangiolitic” type, 
that is to say, exhibiting definite evidence of cholangiolar functional 
derangement.*® In 5 of the present group of 14 cases the disease was 
of this type. One additional instance of the same type, believed to 
represent a transition from hepatitis to cirrhosis, has been studied in 
another hospital. Three cases, not included in the series reported on 
here, have been studied recently in which the evidences of cholangiolar 
regurgitation of biie*® were lacking. Thus, our experience to date 
embraces 6 cases of cholangiolitic or so-called Hanot type plus 15 of the 
ordinary portal type, a total of 21 in which there was an antecedent 
history indicative of infectious hepatitis..°* Of the 15 cases, several 


15. Watson, C. J., and Hoffbauer, F. W.: The Problem of Prolonged Hepatitis 
with Particular Reference to the Cholangiolitic Type and to the Development of 
Cholangiolitic Cirrhosis of the Liver, Ann. Int. Med. 25:195-227, 1946. 

15a. Since this was written, several additional cases have been studied which 
are likewise believed to represent a transition from hepatitis to cirrhosis. These 
include another case very similar to that of the 48 year old patient mentioned 
here; again, an initial attack of epidemic hepatitis was followed by a chronic 
disease characterized by jaundice of varying intensity, pruritus, hepatosplenomegaly 
and chemical evidence of cholangiolar regurgitation. 
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exhibited minor evidences indicative of cholangiolar involvement, such 
as a moderate increase of promptly reacting serum bilirubin, without 
jaundice, or of the total serum cholesterol content. This is mentioned 
merely to emphasize the belief that these two groups simply represent 
variations of the same disease, rather than distinct entities. 

In a number of other instances in the series, in addition to the case 
referred to, the transition from hepatitis to cirrhosis was well substanti- 
ated by serial biopsy observations. This had also been the experience 
of Roholm and Krarup,'* Dible, McMichael and Sherlock,’? and Axen- 
feld and Brass.*® 

The present study reveals that in considering etiologic factors in 
cirrhosis it is necessary to pay strict attention to the type of clinical 
material studied, especially with regard to alcoholism. The patients 
making up the present series were referred, for the most part, from 
rural communities in the State of Minnesota, being sent to the Uni- 
versity Hospital by their local physicians for diagnosis or treatment 
of relatively unusual conditions. The series of Ratnoff and Patek and 


Tas_e 4.—History of Alcoholism and Antecedent Jaundice in 100 Cases of 
Hepatic Cirrhosis (1935 to 1945) 








67 Males 33 Females 
ES Ant ARDS AE REE ee 23 (34.3%) 2 (6%) 
Ns i ccc se nceecchccecsncednaes 20 (30%) 13 (40%) 
IE fea oiiivs ks 55445048 Sean Cae aca sc eecone ce 8 (12%) 9 (27%) 





of Eppinger, which were alluded to at the outset, were drawn mainly 
from the routine admissions to large municipal hospitals, so that the 
incidence of alcoholfsm is high, as might be expected. It is interesting 
to contrast the incidence of antecedent jaundice and alcoholism in 
these two series with that found in the present study (table 3). 

The difference noted in table 3 is not believed to be due to any 
protective effect of alcoholism against hepatitis but is regarded simply 
as an expression of the type of material studied. In other words, 
because our material included a smaller percentage of persons with 
alcoholism the factor of previous hepatitis comes into better perspective. 
This is brought out even more clearly if the male and female groups 


16. Krarup, N. B., and Roholm, K.: The Development of Cirrhosis of the Liver 
After Acute Hepatitis, Elucidated by Aspiration Biopsy, Acta med. Scandinav. 
108 : 306-331, 1941. 

17. Dible, J. H.; McMichael, J., and Sherlock, S. P. V.: Pathology of Acute 
Hepatitis: Aspiration Biopsy Studies of Epidemic, Arsenotherapy and Serum 
Jaundice, Lancet 2:402-408 (Oct. 2) 1943. 

18. Axenfeld, H., and Brass, K.: Klinische und bioptische Untersuchungen 
iiber den sogenannten Icterus catarrhalis, Frankfurt. Ztschr. f. Path. 57:147-236, 
1942. 
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are considered separately (table 4). Thus in the female group, with 
a relatively low incidence of alcoholism, the incidence of previous hepatitis 
is more than twice that in the male group, a greater proportion of 
whom were alcoholic. 

, SUMMARY 


The present data reveal that in the material studied a history of a 
previous episode of infectious hepatitis was obtained in a significantly 
greater proportion of patients with cirrhosis than in a similar group 
without hepatic disease. This lends support to the concept that in 
certain cases the hepatitis runs a chronic or recurrent course, ultimately 
leading to the clinical and pathologic picture of cirrhosis of the liver. 
No attempt has been made to determine the proportion of cases of 
infectious hepatitis in which cirrhosis ultimately develops, but there is 
little doubt that this percentage is small. On the other hand, when 
cases of cirrhosis are considered, hepatitis is believed to be a precursor 
in a significant number. The study also emphasizes the importance of 
taking into account the type of material on which conclusions are based, 
as to etiologic factors in the production of cirrhosis. In the present 
series of cases of cirrhosis, which was widely drawn from rural com- 
munities, the incidence of alcoholism was relatively low, while that 
of antecedent hepatitis was relatively high, in contradistinction to pre- 
viously reported series from large municipal hospitals, in which the 
reverse was true. 











ANTITHYROID DRUGS: Ill 


Comparison of Results of Newer Forms of Treatment of Thyrotoxicosis 


ROBERT H. WILLIAMS, M.D. 
BOSTON 


HE OBSCURITY of the fundamental disturbances in the body 

leading to the development of thyrotoxicosis has interfered with a 
direct approach in the therapy of this disease. Although much prog- 
ress has been made in controlling it by surgical measures, a great 
deal is left to be desired, both as concerns the principles and the 
results of treatment. The ideal therapy is one which is simple, inex- 
pensive, available to everyone, does not necessitate hospitalization, 
is not associated with significant toxic reactions and does not permit 
much invalidism. These ideals do not seem to be as reasonable an 
expectation with surgical treatment as with chemotherapy or physical 
therapy, but they must be developed to a greater extent. 


PHYSIOLOGIC-CHEMICAL CONSIDERATIONS OF THYROID FUNCTION 


Recent contributions? to the physiology of the thyroid have led 
to a clearer understanding of some of the problems of thyrotoxicosis. 


This investigation was supported in part by a grant from the Committee on 
Research in Endocrinology, National Research Council, 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), Boston City Hospital, and the Department of Medicine, 
Harvard Medical School. 

1. (a) Albert, A., and Rawson, R. W.: The Thyrotropic Hormone: Its 
Inactivation by Elemental Iodine and Its Reactivation by Thiouracil and other 
Goiter Producing Compounds, read before the American Society of Clinical 
Investigation, Atlantic City, N. J.. May 27, 1946. (b) Rawson, R. W.; Moore, 
F. D.; Peacock, W.; Means, J. H.; Cope, O., and Riddell, C. B.: Effect of 
Iodine on the Thyroid Gland in Graves’ Disease When Given in Conjunction 
with Thiouracil: A Two-Action Theory of Iodine, J. Clin. Investigation 24:869 
(Nov.) 1945. (c) De Robertis, E., and Nowinski, W. W.: The Proteolytic 
Activity of Normal and Pathological Human Thyroid Tissue, J. Clin. Endocrinol. 
6:235 (March) 1946. (d) Hertz, S.; Roberts, A., and Evans, R. D.: Radio- 
active Iodine as an Indicator in the Study of Thyroid Physiology, Proc. Soc. 
Exper. Biol. & Med. 38:510 (May) 1938. (e) Hertz, S.; Roberts, A.; Means, . 
J. H., and Evans, R. D.: Radioactive Iodine as an Indicator in Thyroid Physi- 
ology: II. Iodine Collection by Normal and Hyperplastic Thyroids in Rabbits, 
Am. J. Physiol. 128:565 (Feb.) 1940. (f) Hertz, S., and Roberts, A.: Radio- 

(Footnote continued on next page) 
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Whereas complete proof does not substantiate some of the hypotheses 
that have been advanced, they serve as logical working bases. The 
thyrotropic hormone tends to keep the thyroid gland active, the amount 
of stimulation varying in intensity with environmental changes. As 
is illustrated in chart 1, an excessive quantity of thyrotropin, as in 
toxic diffuse goiter, leads to (a) hyperplasia and hypertrophy of the 
acinar cells of the thyroid gland, (b) increased rate of production of 
thyroid hormone and (c) increased rate of transfer of thyroid hormone 
from the acini to the blood. The thyroid hormone exists in the 
acini as thyroglobulin. Except at the time of thyroidectomy or possibly 
with destructive lesions of the thyroid gland, thyroglobulin apparently 
does not exist in the blood stream, because it is too large a molecule 


PRESUMPTIVE BIOCHEMICAL REACTIONS IN THE THYROID GLAND 





Oxidose of thyrod ! 
KI Seeoee of met > h, 


1, + TYROSINE ——> DIIODOTYROSINE ———> THYROXIN 
L+ 2 TU——> TU DISULFIDE + 2 KI 
ACTIVE TTH + l,———> INACTIVE TTH + KI 


INACTIVE TTH + TU———>ACTIVE TTH 
HYPERPLASIA AND HYPERTROPHY OF ACINAR CELLS 


lL 
ACTIVE TTH ——> THYROID GLAND — RATE OF PRODUCTION OF THYROID 
HORMONE 


INCREASED RATE OF TRANSFER OF THYROID 
HORMONE FROM ACINI TO BLOOD STREAM 


TU = THIOURACIL 
TTH= THYROTROPIC HORMONE 


Chart 1.—Sites of therapy for toxic diffuse goiter. It is not known definitely 
that all these reactions take place in the body, but at present it seems likely that 
they do. It can be noted that iodine is an extremely active compound when it is in 
elemental form and that some of its reactions, as well as those of thiouracil, are 
antagonistic to each other, as far as the picture of thyrotoxicosis is concerned; 
moreover, the two compounds are antagonistic to each other. 


to enter the blood vessel.? Proteolytic enzymes in the thyroid have 
been shown’* to break down the globulin portion of thyroglobulin, 


active Iodine as an Indicator in Thyroid Physiology: VI. Application of 
Radioactive Iodine in Therapy of Graves’ Disease, J. Clin. Investigation 21:624 
(Sept.) 1942. (g) Means, J. H.: The Thyroid and Its Diseases, Philadelphia, 
J. B. Lippincott Company, 1937. (h) Salter, W. T.: The Endocrine Functions 
of Iodine, Cambridge, Mass., Harvard University Press, 1940. (i) Means, J. H.: 
Some New Approaches to the Physiology of the Thyroid, Ann. Int. Med. 19:567 
(Oct.) 1943. 

2. Lerman, J.: Iodine Components of the Blood: Circulating Thyroglobulin 
in Normal Persons and in Persons with Thyroid Disease, J. Clin. Investigation 


19:555 (July) 1940. 
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permitting absorption of the active material into the blood stream; 
iodine inhibits this proteolytic action. Indeed, iodine participates in 
many reactions in the thyroid gland. It is added to tyrosine to form 
diiodotyrosine, and then two of these molecules react to form thyroxin.™® 
However, before iodination can take place, the iodine which exists 
in the blood in the form of iodide must be changed to its free form, 
iodine, this reaction apparently being produced by an oxidase in the 
thyroid. Although iodine aids in the formation of the thyroid hormone, 
it can also cause a reversal of this effect by the inactivation of the 
thyrotropic hormone.” It is reasonably conceivable that the effect 
of iodide therapy in thyrotoxicosis is due to this inactivation, the 
variability in results depending on the competitive actions of iodine 
as well as the: total amount of iodine available, the amount of thyro- 
tropin produced, the rate of reactivation of thyrotropin, the amount 
of oxidase activity in the thyroid and many other factors. 

Thiouracils and related compounds control thyrotoxicosis by decreas- 
ing the rate of manufacture of the thyroid hormone, attaining this 
result, conceivably, by the inhibition of the oxidase activity in the 
thyroid or by reacting with iodine. Apparently, by the inhibition 
of the oxidase reaction the conversion of iodide to iodine is blocked and, 
consequently, the synthesis of diiodotyrosine is antagonized. If the 
iodine of the thyroid must be liberated by an oxidase and if the assump- 
tion is correct that thiouracil inhibits the oxidase reaction, it would 
seem unnecessary to assume that the capacity of thiouracil to react 
with iodine plays a significant antithyroid role, because the iodine 
would remain in the form of iodide and, hence, would not react with 
thiouracil. Moreover, the amount of antithyroid action of the thiouracils 
is not proportional .o the capacity of the compounds to react with 
iodine, forming thiouracil disulfide and an iodide. For example, 
6-aminothiouracil and thiouracil react about equally with iodine, but the 
latter has a thousand times as much antithyroid action in rats.® 

The fact that thiouracil activates thyrotropic hormone may explain 
the increase in the size of the goiter and the increase in manifestations 
of malignant exophthalmos that occur in a few patients while they 
are still thyrotoxic. 


MODES OF THERAPY FOR THYROTOXICOSIS 


There are a number of structures that modify the rate of metabolism 
in the body, especially the central nervous system, pituitary and thyroid 
as well as the body cells as a whole, as shown in chart 2. Moreover, 
these units exert a significant effect on one another, directly and 
indirectly. Consequently, it is not surprising to note that in the treat- 


3. Miller, W. H.; Roblin, R. O., Jr., and Astwood, E. B.: Studies in 
Chemotherapy: XI. Oxidation of 2-Thiouracil and Related Compounds by Iodine, 
J. Am. Chem. Soc. 67:2201 (Dec.) 1945. 
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ment of thyrotoxicosis attempts have been made to influence the function 
of these entities. Psychotherapy alone is successful in some cases. 
Roentgenotherapy applied to the pituitary has been claimed to be of 
some success.* In a small proportion of patients desiccated thyroid 
will decrease the size of the goiter and lower the basal metabolic rate.® 
The latter may be a result of the iodide in the drug. Iodide causes a 
favorable response in many patients with thyrotoxicosis, presumably 
by the inactivation of thyrotropin. The “antihormone” effect produced 
by pituitary preparations from various species is apparently due to 
inactivation of the thyrotropic hormone, but the results of this therapy 
leave much to be desired. The production of thyroxin is decreased 


SRAIN Cc ) penwees PSYCHOTHERAPY 


PITUITARY CC) pPosaeres DECREASED PRODUCTION OF TTH 
0) Roentgenotherapy 
b) Desiccated thyroid 


TTH 
----7----INACTIVATION OF TTH 
‘ 0) “Antihormone™ effect 
/ b) lodide therapy 


THYROD fF -™ £F°o--4 DECREASED RATE @F THYROXIN PRODUCTION 
0) Thyroidec tomy 
b) Irradiation of thyroid with roentgenotherapy 
or radicoctive iodine 
¢) Thioureos ond ominobenzenes 


THYROXIN —_ i tenner ANTAGONISM TO THYROXIN 
0) Poroxanthine ? 
: 


BODY CELL (e) 


Chart 2.—The functions of each of these units have a direct or indirct effect 
on all the others; consequently, it is not surprising that therapy in thyrotoxicosis 
has been directed at many sites. The main site of action in some instances has 
not been clearly established. 





by thyroidectomy, by irradiation of the thyroid gland and by the adminis- 
tration of thioureas or aminobenzenes. Little progress has been made 


4. Thompson, W. O.: Personal communication to the aythor. 

5. Rienhoff, W. F., Jr.: Changes Induced in Patients with Hyperthyroidism 
by Oral Administration of Desiccated Thyroid, Bull Johns Hopkins Hosp. 68:538 
(June) 1941. 

6. Thompson, W. O.; Thompson, P. K., and Taylor, S. G.: III. Further 
Observations on Thyrotropic Activity of Anterior Pituitary, West. J. Surg. 48: 
633 (Oct.) 1940. 
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in obtaining drugs which inhibit the action of thyroxin, although a 
xanthine derivative has been thought to have this effect.’ 


DRUGS SELECTED FOR STUDY 


In this clinic we have studied the effects of each of the foregoing 
methods of treatment of thyrotoxicosis, but in this report we are pre- 
senting results of therapy with only ortho-phenylenethiourea, thio- 
thymine (5-methylthiouracil), 6-methylthiouracil, 6-isobutylthiouracil, 
6-propylthiouracil, 6-cyclopropylthiouracil, 6-butylthiouracil, thiourea, 
para-aminobenzoic acid, 2-aminothiazole, thiobarbital, ethyldiiodobras- 
sidate * and radioactive iodine. The formulas of most of these compounds 
are shown in chart 3. The results of the administration of extremely 
large doses of ascorbic acid and alpha tocopherol are also given. In 
the selection of the various compounds for clinical study, the following 
points, especially, were borne in mind. Thiouracil was recognized early 
as being exceedingly effective in the control of thyrotoxicosis, but the 
toxic reactions which it produced were of a greater severity than was 
desired. In the choice of a substitute it was not considered imperative 
to use compounds which had any greater antithyroid effect in rats 
than thiouracil, because (a) larger doses could be used if necessary 
and (0) the activities of the compounds in human beings are not always 
of the same relative order as they are in rats. These factors were the 
basis for testing clinically the effects of ortho-phenylenethiourea, thio- 
thymine and 6-methylthiouracil, even though their antithyroid activity 
in rats was similar to that of thiouracil. There was an additional 
reason for the interest in thiothymine, or 5-methylthiouracil, based on 
the following observations ® : A. Cytosine occurs more or less in equal 
concentration in the nucleus and cytoplasm of the cells of the body. 
B. Thymine exists chiefly in the nucleus. C. Uracil is found largely 
in the cytoplasm. Neither the beneficial nor the toxic effects of thio- 
uracil have been located as to site of action. By testing sulfur 
derivatives of cytosine and thymine, a compound which normally is 


7. (a) Carter, G. S.; Mann, F. G.; Harley-Mason, J., and Jenkins, G. N.: 
Paraxanthine as a Natural Antithyroid Substance, Nature, London 151:728 
(June 26) 1943. (b) Carter, G. S., and Jenkins, G. N.: Distribution of Anti- 
thyroid Activity in Tissues, ibid. 154:639 (Nov. 18) 1944. 

8. Most of the compounds used in this study were supplied by Mr. W. A. 
Lott of the Squibb Institute, New Brunswick, New Jersey. The 6-propylthiouracil 
and para-aminobenzoic acid were obtained from Dr. S. M. Hardy, Lederle Labora- 
tories, Inc., Pearl River, New York. The ethyldiiodobrassidate was supplied by 
Dr. E. Oppenheimer, Ciba Pharmaceutical Products, Summit, New Jersey, and the 
thiobarbital was obtained from Dr. G. R. Hazel, Abbott Laboratories, Chicago, 
Illinois. Part of the 6-isobutylthiouracil was obtained from Dr. R. A. “Jarte, 
Arlington Chemical Company, Yonkers, New York. We are grateful *» these 
persons and their companies for the extensive aid that we have been given. 

9. Dempsey, E. W.: Personal communication to the author. 
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confined to the nucleus, it is conceivable that with one of the compounds 
good effects might be obtained without the bad effects. However, the 
inability to obtain thiocytosine made this investigation incomplete. 

It was also desirable to test compounds with antithyroid action 
stronger than thiouracil, because if this stronger action were present 
in human beings, as well as in rats, a smaller dosage would be required 
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Chart 3.—Structural formulas of some of the compounds tested clinically. 
Note that all the drugs are derivatives of thiourea or are aminobenzenes. 


and perhaps the toxic reactions would be less frequent. However, the 
rate of metabolism of the compounds, their distribution and physio- 
logic-chemical properties are also to be considered. For example, 
if a compound is three times as active as thiouracil, it may be given in 
one-third the quantity of the latter. However, if it is maintained 
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in the body for three times as long and if other properties of the 
compound are like those of thiouracil, then it can be expected to be 
as toxic. These factors were borne in mind in testing 6-isobutyl- 
thiouracil, 6-cyclopropylthiouracil and 6-butylthiouracil. 

It was a matter of considerable interest to test iodinated thioureas 
and iodinated aminobenzenes. It was hoped that the great affinity 
of the thyroid gland for iodine might lead to a concentration of the 
active antithyroid agent in the gland, thereby permitting the use of 
a much smaller dosage than would otherwise be necessary, and, con- 
sequently, with the smaller amount of drug in the body, toxic reactions 
would be of less significance. Consideration was given to two. possi- 
bilities which might interfere with iodine’s causing any potentiation of 
antithyroid effect: A. if the aminobenzenes or thioureas depend for 
their antithyroid activity on the inhibition of the action of a thyroid 
oxidase, the avidity of the thyroid for iodine might be abolished since 
the oxidase could not react with the iodine. B. If the activity of the 
thioureas and aminobenzenes depends on their capacity to react 
with the iodine of the body, this capacity might be interfered with, 
somewhat, by the introduction into the body of a compound which 
is already partially saturated with iodine. It was also borne in mind 
that in the disintegration of the iodinated compound iodide would 
probably be liberated and, consequently, an antithyroid effect might 
be produced, as happens in many patients with thyrotoxicosis treated 
with potassium iodide. On the other hand, the presence of the extra 
supply of iodide in the body might reduce the effectiveness of the 
thioureas. It was not possible to obtain iodinated thiouracils without 
having a substituent attached to the sulfur atom, and this substitution 
abolished the antithyroid activity..°° Two iodinated aminobenzenes 
were given a clinical trial, 3, 5-diiodo-para-aminobenzoic acid and 
3, 5-diiodo-ortho-aminobenzoic acid.?° 

In the investigation of sodium diiodobrassidate, an iodinated fatty 
acid, it was desired to have a more or less constant liberation of iodine 
in the body and, possibly, thereby produce more effective results than 
are obtained by the use of the rapidly absorbed and rapidly excreted 
solution of potassium iodide. To insure saturation of the body with 
iodine, potassium iodide was given in conjunction with the sodium 
diiodobrassidate in 8 cases. 

Vitamin E and ascorbic acid were given in large doses. Each 
compound was given to a separate person. These substances were 
given as representative of antioxidants and reducing compounds respec- 
tively, and it was desired to note their effect on thyrotropin, as well 
as on consumption of oxygen. 

10. Williams, R. H., and Kay, G. A.: Further Studies on the Correlation of 
Chemical Structure and Antithyroid Effect, to be published. 
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The other compounds, consisting of thiourea,’? para-aminobenzoic 
acid,’* 2-aminothiazole,** thiobarbital,** 6-propylthiouracil *® and radio- 
active iodine,*® have been studied also by other investigators. 


METHOD OF STUDY 


The goitrogenic effect of each of the compounds was investigated,!° with the 
exception of thiobarbital and ethyldiiodobrassidate. The rate of absorption, dis- 
tribution, destruction and excretion of some of the drugs was studied.17 The toxic 
effects were tested in rats by the administration of each compound in the drinking 
water; the concentration of the thioureas used was 0.1 per cent, and of the amino- 
benzenes, 1 per cent. After noting the effect of each on growth for an interval 
of abovt two or three weeks, the animals were killed. The viscera were examined, 
and sections for study, microscopically, were made of the liver, kidneys, spleen, 
pancreas, adrenals and gonads.1° All the compounds that had not been studied 
clinically were given to patients, without disease of the thyroid, who bore an 
extremely poor prognosis. These patients were given, for an interval of from 
two to three weeks, doses which although small at first were increased to three 
times or more the amount that was expected to be used in the patients with 
thyrotoxicosis. Toxic effects were looked for, especially in the skin, the liver, 
the kidneys and the blood. 

Some of the thyrotoxic patients had no previous therapy, while others had 
received one or more antithyroid drugs. In some instances suboptimal doses of 
several compounds were used in order to compare their effectiveness. In a few 
instances the patient was permitted to have a relapse in his disease one or more 
tires in order to have a standard comparison of the response to treatment with 
various drugs. 

For example, 1 patient was treated for successive intervals of several weeks 
with thiouracil, isobutyl, propyl and cyclopropyl derivatives of thiouracil, para- 
aminobenzoic acid and aminothiazole respectively. Nineteen thyrotoxic persons 
were treated with the isobutyl, propyl and cyclopropyl derivatives; 25 were treated 
with only the latter two compounds. Several patients had more than one course 
of therapy with the same drug. In all, there were 112 thyrotoxic patients who 
were given two hundred and twenty-two courses of therapy, not including previous 


11. Astwood, E. B.: Treatment of Hyperthyroidism with Thiourea and 
Thiouracil, J. A. M. A. 122:78 (May 8) 1943. 

12. Berman, L.: Human Thyrotoxicosis: Response to Para-Aminobenzoic 
Acid, Proc. Soc. Exper. Biol. & Med. 59:70 (May) 1945. 

13. Perrault, M., and Bovet, D.: Aminothiazole in the Treatment of Thyro- 
toxicosis, Lancet 1:731 (May 18) 1946. 

14. Astwood, E. B.: Some Observations on Use of Thiobarbital as an Anti- 
thyroid Agent in the Treatment of Graves’ Disease, J. Clin. EndocrinoJ. 5:345 
(Oct.) 1945. 

15. Astwood, E. B., and Vanderlaan, W. P.: Thiouracil Derivatives of 
Greater Activity in the Treatment of Hyperthyroidism, J. Clin. Endocrinol. 5:424 
(Dec.) 1945. 

16. (a) Hertz, S. ,and Roberts, A.: Radioactive Iodine in Thyroid Physi- 
ology, J. A. M. A. 131:81 (May 11) 1946. (b) Chapman, E. M., and Evans, R. D.: 
Radioactive Iodine in Hyperthyroidism, ibid. 181:86 (May 11) 1946. 

17. Williams, R. H., and Kay, G. A.: Comparisons of the Absorption, Dis- 
tribution, Destruction and Excretion of Thiouracils and Thioureas, Arch. Int. Med., 
to be published. 
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treatment with thiouracil,1® tetramethylthiourea,!® diethylthiourea?® or regular 
iodide therapy. The duration of each course of therapy is indicated in table 1. 

The dosage of drug selected for thyrotoxic patients was based on the relative 
antithyroid effects of the compounds in rats, as compared to those of thiouracil. 
However, with each compound the doses used in the first few cases were too 
small. In the first few weeks of treatment the medication was given three or 
more times daily, at intervals widely spread throughout the day. Most of the 
patients were not hospituiized. In this instance they were examined at intervals 
of about two weeks for the first two months and with decreasing frequency there- 
after. A determination of the basal metabolic rate and a white blood cell count were 
done at most of the visits. In some of the patients estimations were made of the 
amount of drug in the blood and urine.17 


RESULTS 


In view of the fact that several compounds differed in antithyroid 
potency only to a slight extent, the clinical and basal metabolic response 


TABLE 1.—Duration of Treatment 























Weeks 
oe A = 
8to 10to Over 
Oto2 2to4 4to6 6to8 10 12 12 
Drug Number of Patients Total 
fae . ae 

Ortho-phenylenethiourea.............. 3 6 3 1 3 1 in 7 
as airnssbeeeses cscesccsende 2 2 1 ae 1 1 1 8 
6-Methylthiouracil............sssseeces 3 1 1 2 1 es 3 11 
6-Isobutylthiouracil............-...06- 2 6 a 5 5 14 7 43 
6Propglithiouracil............-cseccees al 4 3 5 9 2 16 39 
6-Cyclopropylthiouracil............... 12 14 11 ll 4 6 58 
6-n-butylthiouracil ee 1 1 2 ‘“ os as 4 
Para-aminobenzoic acid en hs 5 2 1 oe 8 
3,5-Diiodo-para-aminobenzoic acid.... 2 6 1 <a 9 
S-Aminothiagole. ........csscccccccsces 3 3 2 1 9 
8,5-Diiodo-ortho-aminobenzoic acid... .. 3 “s 3 
| ES ee ~ 1 1 
Ethyldiiodobrassidate................. 6 3 2 1 12 
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of most of the patients, as well as the dosage range, is indicated in 
table 2. In table 3 are presented the detailed changes in metabolic 
rate in selected cases. In table 4 is presented the course of certain 
patients who were treated, serially, with several compounds. In general, 
these patients did not respond as well as did the average subject to any 
of the drugs. Most of the values given for basal metabolic rates, 
especially the ones given in tables 3 and 4, were a good indication of 
the clinical condition of the patient. When there was a discrepancy 
between these observations, the metabolism test was usually repeated 
within a few days. 


18. Williams, R. H.: Thiouracil Treatment of Thyrotoxicosis: I. The Results 
of Prolonged Treatment, J. Clin. Endocrinol. 6:1 (Jan.) 1946. 

19. Williams, R. H.: Antithyroid Drugs: I. Tetramethylthiourea and Diethyl- 
thiourea, J. Clin. Endocrinol. 5:210 (May-June) 1945. 


TABLE 2.—Clinical and Basal Metabolic Response of Patients to Drugs Used 
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bolic Rate* Clinical Weeks Gm. 


Ortho-phenylenethiourea 











—— ++ ee 0.1 to 0.2 
+64 to +50 a 3 0.6 to 0.8 
+39 to + 5 +++ 7 0.3 to 0.5 
+45to+ 7 +++ + 0.3 
+28to+ 7 tt+ 2 2 
+Wto—1 +++ 4 0.4 

— ~~ 2 0.5 
+65 to +17 —— 2 0.4 to 0.8 
+35 to + 8 +++ 1 0.3 
+73 to +52 ad 1 0.8 
+79 to +31 ~ 8 0.4 to 1.0 

+ 1 0.6 
+20 to +10 +++ 2 0.6 
Thiothymine 
+86 to +17 t+ 8 0.3 to 0..5 
+++ 10 0.1 to 0.3 
+27 to+ 7 Sanaa 2 0.3 
+49 to +10 +++ 9 0.3 to 0.4 
+36to + 9 +++ 6 0.3 to 0.4 
+ 1 0.2 to 0.4 
_—— ++ 3 0.4 to 0.5 
6-Methylthiouracil 
+49to+9 T++ 1 0.3 to 0.6 
+37 to —10 ttt 3 0.3 
+64 to +12 +++ 7 0.3 
+2to 0 +++ 6 0.3 
+34to 0 +++ 4 0.2 to 0.3 
+35 to +26 ++ 8 0.3 
+59 to + 2 +++ 8 0.1 to 0.3 
+64 to— 1 +++ 3 0.4 
+26to+ 9 +++ 7 0.3 to 0.5 
+51 to +31 + 1 0.3 
6-Isobutylthiouracil 
+28 to +25 0 11 0.03 to 0.09 
+15 to + 3 +++ 2 0.09 
+26 to +11 cone 12 0.03 to 0.15 
+18 to + 4 +++ 6 0.03 to 0.1 

_—_— 0 2 0.06 
+29 to + 6 t+t+ 4 0.06 to 0.09 
+30 to + 6 ++ 2 0.06 
+39to 0 ae 5 0.06 to 0.1 
+37 to +27 0 10 0.08 to 0.12 
+28 to+ 4 +++ 2 0.09 
+19 to +68 0 3 0.06 
+64 to +54 a 4 0.06 to 0.1 
+25 to + 8 Son 6 0.03 to 0.06 
+30 to +11 0 3 0.08 to 0.09 
+39 to +13 a 9 0.06 to 0.15 
+31 to +29 ++ 12 0.09 to 0.15 
+25 to +45 + 10 0.09 to 0.25 
+38 to +17 ++ 8 0.06 to 0.1 
+26 to +13 +++ 8 0.09 to 0.15 
+20 to +25 0 v 0.08 to 0.12 
+33 to +16 +++ 11 0.06 to 0.12 
+55 to +50 10 0.09 to 0.15 
+58 to +40 _ s 0.09 to 0.3 
+76 to +40 13 0.08 to 0.2 
+38 to — 3 +++ 6 0.08 to 0.15 
+26 to +12 +++ 10 0.09 to 0.2 
+00 to +12 oe 8 0.09 to 0.15 
+44 to + 3 at 12 0.1 to 0.15 
+31 to +40 + 12 0.09 to 0.25 
+47 to +24 e+ 4 0.08 to 0.15 
+45 to +42 _ 2 0.15 

6-Propylthiouracil 
+25 to + 2 +++ x 


0.075 
sane +++ 15 =: 0.075 to 0.125 
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ne | Daily 
Basal Meta- Dosage, 
bolic Rate* Clinical Weeks Gm. 
+18to— 9 +++ 8 0.05 
+23 to +26 0 8 0.075 
+33 to— 1 +++ 2 0.125 
+29 to +17 + 10 0.075 
0 2 0.075 
+27 to +26 + y 0.075 to 0.1 
+22 to +13 + 6 0.075 
+29 to +30 0 4 0.075 
+25 to +20 + 17 0.075 to 0.15 
+16 to + 9 +++ & 0.05 to 0.1 
+50 to +29 ~ 9 0.075 to 0.15 
+56 to +58 0 14 0.075 to 0.3 
+40 to +23 +++ 5 0.075 to 0.125 
+50 to +55 0 8 0.05 to0.15 
+40 to +15 ++ 8 0.075 to 0.15 
+40 to +37 0 12 0.075 to 0.15 
+37 to +20 ++ 4 0.15 
+40to+ 1 +++ 9 0.1 to 0.15 
6-Cyclopropylthiouracil 
_—_-- +++ 4 0.1 
— ++ 4 0.1 to 0.15 
+36 to +16 ++ 2 0.1 
+27 to -- 9 +++ 2 0.05 
+35 to +28 ++ 5 0.1 to 0.15 
+26to—1 +++ 10 0.1 to 0.15 
+26 to +33 0 2 0.1 
+24to—7 +++ 3 0.15 
+20 to 0 +++ 6 0.05 to 0.1 
+26 to +11 +++ 6 0.1 to 0.15 
+70 to +30 ++ 4 0.1 to 0.15 
+29 to +23 ++ 7 0.15 
+26 to +23 ++ 3 0.15 
+30 to — 3 poe 10 0.1 to 0.2 
+20 to +28 5 0.15 
+35 to + 7 +++ 3 0.1 
+29 to +42 9 0.15 to 0.2 
+58 to +30 ~ 4 0.15 to 0.2 
+55 to +55 0 6 0.15 
+16 to + 6 +++ 2 0.1 
+15 to +21 +++ 7 0.15 to 0.2 
+23 to +10 Sao 3 0.1 
+100 to +34 ++ 2 6.15 
+37 to +18 ++ 3 0.3 
+20to+ 3 ++ 6 0.15 
+58 to— 1 ++ 9 0.1 to 0.15 
+32 to —12 +++ 2 0.1 
+46 to +13 +++ 4 0.15 
+16 to +14 att 4 0.01 
+34 to +10 +++ 3 0.15 
+37 to + 3 +++ 7 0.3 
+46 to +47 + 2 0.25 
+26 to +12 +++ 2 0.2 
6-Butylthiouracil 
+49 to + 2 +++ 3 0.09 
+43 to + 4 +4 6 0.09 to 0.15 
+18 to + 5 +++ 3 0.09 to 0.15 
+42 to +14 ++ 2 0.15 
Para-aminobenzole Acid 
+56 to +82 -— 6 3.0 to 6.0 
+45 to +52 0 2 1.5 
+11 to 0 + 4 1.5 
+57 to +14 +++ 17 1.5 
+42 to + - 5 1.25 to 3.0 
+% to +38 0 3 1.75 
+39 to +73 —— 2 1.5 
— 8to +25 ao 2 5.0 
3,5-Diiodo-para-aminobenzole Acid 
+36 to +32 -- 6 0.2 to 0.8 
+42 to +12 ++ 2 0.6 
+35to 06 +++ + 0.4 to 0.8 
+20 to +27 7 0.6 to 0.8 
+47 to +30 Poe 2 0.6 

















TABLE 2.—Clinical and Basal Metabolic Response of Patients to Drugs Used 




















—Continued 
Response Response 
—- ~ Daily r — nl Daily 
Basal Meta- Dosage, Basal Meta- Dosage, 
bolic Rate* Clinical Weeks Gm. bolic Rate* Clinical Weeks Gm. 
3,5-Diiodo-para-aminobenzoic 0 4 0.45 
Acid—Continued +21 to +20 0 3 0.8 
+50 to +52 + 2 1.0 hi 
+58 to +34 + 2 06to1.0 : Tee 
+41to+1 wie 2 0.6 to 1.6 +45 to +28 ++ 10 0.09 to 0.15 
3,5-Diiodo-ortho-aminobenzoic Acid Ethyldiiodobrassidate 
+62 to +44 + 3 1.0 to 2.0 +47 to +21 ++ 4 0.9% 
+12 to— 6 oaee 3 0.25 +34 to +20 7 4 0.9% 
+58to+25 ++ 2 0.75 +> . ‘ 1s 
+26 to +14 +++ 5 18 
2-A +57 to +18 ++ 4 0.9% 
minothiazole +36to + 2 otek 5 0.9% 
0 3 0.3 to 0.6 +88 to +30 + 4 18 
— 2 to +32 —-—— 2 0.3 +23 to +7 +++ 3 0.9 
+33 to + 1 +++ 4 0.6 +60 to +15 Se 8 1.8 to 2.7 
+44 to +47 oF 3 0.6 +97 to +12 oe 6 1.83§ 
— 3 to +82 —— 6 0.15 +20 to— 1 +++ 7 1.83§ 
+30 to ? 0 2 0.6 +35 to +45 0 4 1.833 





* The values for the basal metabolic rate presented are the lowest ones before treatment 
and either the lowest one following treatment or the first normal figure obtained. The 
approximate time required to obtain this response is indicated in weeks. The clinical response 
is graded with + marks, three plus signs indicating an essentially complete disappearance of 
the clinical manifestations of thyrotoxicosis. When no change in the clinica] state of the 
patient occurred, this is designated with ‘0.’ The number of minus marks indicates the 
extent to which the thyrotoxicosis became worse. The results in patients who were recently 
treated for more than a few days with potassium iodide are omitted. In a few instances, 
indicated by a dash, the tests for basal metabolism were not performed at appropriate times. 


t Potassium iodide also was given. 
$ Intramuscular injections of sodium diiodobrassidate, 300 mg. daily, also were given. 


Orthophenylenethiourea.—Seventeen patients were treated with this 
compound. It was not consistently as effective as was thiouracil in 
comparable doses. However, in some patients no more than 0.2 or 
0.3 Gm. daily were ever required. In a few instances the basal metab- 
olism had become normal within two weeks. On the other hand, 
1 patient did not show a complete response during an interval of eight 
weeks in which total daily dosages which were increased gradually 
from 0.4 to 0.8 Gm. were used. When iodide therapy supplemented 
the treatment with ortho-phenylenethiourea a rapid response occurred. 

In 5 of the 17 patients a febrile reaction to this drug developed. 
In 2 patients fever appeared at the end of one week, and in 1 it appeared 
after two weeks. In a fourth patient fever, arthritis and leukopenia 
developed after treatment for ten days. In a fifth patient fever devel- 
oped after therapy for a period of five weeks and was associated with 
arthritis and a white blood cell count of 3,100. This patient had 
previously reacted to thiouracil with fever and to tetramethylthiourea 
with a maculopapular rash. 

Thiothymine.—Thiothymine, or 5-methylthiouracil, was used in the 
treatment of 8 patients, the longest period of treatment being four 
months. Its antithyroid effect was less than that of thiouracil or 


21 





TABLE 3.—Response to Treatment as Illustrated in Certain Cases * 
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Basal Daily 
Metabolic 17 
Date Rate Gm 


Ortho-phenylenethiourea 


5/ 2 +39 0.3 
5/ 8 +386 0.3 
6/ll +0 0.3 
5/17 +16 0.3 
5/24 +61 0.3 
5/29 +47 0.5 
6/ 2 +19 0.5 
6/ 8 +13 0.5 
6/16 +11 0.3 
6/23 +5 0.2 
5/28 +31 0.3 
6/ 4 +19 0.3 
6/11 +20 0.3 
6/19 +7 0.2 
5/15 +28 0.2 
5/23 +13 0.2 
5/31 +7 0.2 
5/26 +50 04 
6/ 5 +28 0.4 
6/19 +9 0.4 
5/17 +79 0.4 
5/24 +53 0.4 
6/ 2 +38 0.4 
6/11 +53 0.6 
6/20 +37 0.6 
6/27 +36 0.8 
7/5 +49 1.0 
7/13 +31 
Thiothymine 

5] 2 +49 0.3 
5/ 8 +42 0.3 
5/16 +24 0.3 
5/% +28 0.3 
6/1 +26 0.4 
6/ 8 +23 0.4 
6/15 +13 0.4 
7/5 +10 

5/14 +36 0.3 
5/21 +30 0.3 
5, +21 0.3 
6/11 +21 0.4 
6/B +9 0.3 
7/11 +6 0.3 
8/4 +14 0.3 
9/ 8 +9 

3/28 +21 0.8 
4/ 6 +7 0.3 
4/12 +3 


6-Methylthiouracil 


5/15 —64 

6/ 2 4d 0.3 
6/22 +22 0.3 
7 +12 

4/21 +59 0.3 
5/5 +27 0.3 
5/%6 +10 0.3 
6/23 +2 0.1 
8/15 +11 0.05 


Basal Daily 
Metabolic Dosage, 
Date Rate Gm. 
5/ 9 +69 0.4 
5/12 +36 0.4 
5/19 or 4d 0.4 
5/28 +2 0.4 
6/ 8 —1 0.4 
5/11 +26 0.4 
5/14 +22 0.4 
5/21 +17 0.3 
6/ 5 +42 0.3 
6/20 +38 0.5 
6/29 +9 
6-Isobutylthiouracil 
11/25 +29 0.06 
12/5 +41 0.06 
12/14 +21 0.08 
12/21 +6 0.06 
12/19 +28 0.09 
1/ 2 +4 0.09 
1/8 —10 0.09 
1/15 +5 0.09 
12/10 +38 0.09 
12/17 +31 0.09 
12/26 +27 0.09 
1/4 +33 0.15 
1/14 +18 0.15 
1/24 —3 
6-Propylthiouracil 
4/2 +40 0.1 
4/27 +31 0.15 
6/ 8 +1 0.05 
4/15 +33 0.125 
4/29 —1 0.075 
5/20 +16 0.075 
6/10 +1 0.05 
6-Cyclopropylthiouracil 
3/30 +27 0.05 
4/16 +9 0.05 
4/30 +16 0.05 
5/15 —4 0.05 
6/ 4 —4 0.05 
5/ 8 +26 0.1 
6/ 7 +20 0.15 
6/26 +19 0.15 
7/19 —1 0.05 
4/16 +23 0.1 
5/ 6 +10 0.05 
6/ 5 +11 0.1 
7/8 —2 
6/ 3 +37 0. 
6/26 +28 0.3 
7/6 +18 0.3 
7/23 +3 
6-Butylthiouracil 
1/21 +49 0.69 
1/31 +16 0.09 
2/13 +2 0.09 
Para-aminobenzoic Acid 
6/19 +42 1.5 
7/1l +22 3.0 
7/18 +88 3.0 
7/24 +64 


Basal Daily 
Metabolic Dosage, 
Date Rate Gm. 
6/26 +29 15 
7/3 +53 1.5 
7/12 +73 1.5 
6/26 +57 15 
75 +62 1.5 
10/29 +14 1.5 
3,5-Diiodo-para- 
aminobenzoie Acid 

6/27 +35 0.4 
7/9 +40 0.8 
7/23 0 0.0 
7/9 +50 1.0 
7/14 +35 1.0 
7/18 +16 1.0 
7/23 +52 

7/3 +58 0.6 
7/5 +56 1.0 
7/12 +20 1.0 
7/15 +31 1.0 
7/20 +34 

7/2 Bs anol 0.6 
i/ 5 1.0 
7/10 + “+6 1.0 
7/15 +15 1.0 
7/17 1.6 
7/20 +1 


3,5-Diiodo-ortho- 





aminobenzoic Acid 


11l/ 5 +62 1.0 
11/13 _ 1.5 
11/17 nee 2.0 
11/21 +31 2.0 
11/28 +44 
2-Aminothiazole 
6/16 —l1 0.3 
6/27 +33 0.6 
7/9 +122 0.6 
7/24 +1 0.6 
Ethyldiiodobrassidate 
10/26 +47 0.9 
11/6 +43 18 
11/2 +21 1.8 
9/15 +36 0.9 
9/29 +14 0.9 
10/20 + 2 0.9 
11/17 +29 
1/21 +88 18 
2/18 +30 18 
6/10 +70 18 
9/29 +60 18 
10/15 +38 1.8 
10/30 +24 18 
11/12 — 2.7 
11/19 +15 2.7 
11/27 +22 0.0 
9/19 +97 1.8 
9/28 +37 18 
10/ 2 +49 18 
10/ 9 +22 1.8 





Each group of figures represents the data on a separate patient. 


In a few instances, 


indleaved by a dash, the tests for basal metabolism were not performed at appropriate times. 
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ortho-phenylenethiourea. In 1 patient the basal metabolic rate was 
not quite normal after receiving about 0.4 Gm. daily for eight weeks. 
In another patient nine weeks were required to obtain a complete 
response. On the other hand, in another patient there was a remission 
of the disease in two weeks, with the use of only 0.3 Gm. daily. A 
moderate febrile response developed in 1 patient after taking thio- 
thymine for eight days. 

6-Methylthiouracil—Eleven patients were treated with 6-methyl- 
thiouracil. The antithyroid effect seemed to be somewhat stronger 
with this compound than with thiouracil. A dosage greater than 0.4 
Gm. daily was apparently unnecessary. A complete clinical response 
was obtained within one to eight weeks in all patients. In 1 patient 
the basal metabolic rate decreased from plus 49 to plus 9 within eight 
days. In another patient it decreased from plus 37 to minus 10 within 
threee weeks. The longest interval during which it was used was 
six months, 

In 1 patient there developed a slight maculopapular eruption after 
receiving treatment for two months, but it disappeared within a few 
days in spite of continued therapy. In another patient a temperature 
of 103 F. developed and the fever persisted for two days after cessation 
of therapy. 

6-Isobutylthtouracil—6-Isobutylthiouracil was used in the treat- 
ment of 43 patients with thyrotoxicosis. In the beginning, most 
of the patients were given doses of the drug which were much too 
small ; however, the quantity necessary varied a great deal. In a few 
cases no more than 60 mg. daily were ever required. On the other 
hand, in some instances it was necessary to administer from 0.2 to 
0.3 Gm. daily for several weeks before a complete response was 
obtained. The maintenance dosage was determined in only a few 
cases and was approximately 0.1 Gm. daily. Itching of the skin was 
complained of by 4 persons, but no rash was seen. No other type 
of toxic reaction was observed. 

6-Propylthiouracil—Thirty-nine thyrotoxic subjects were treated 
with 6-propylthiouracil. This compound was found to be less potent 
than was indicated by Astwood’s report.** In a few instances adminis- 
tration of 75 mg. daily was sufficient to produce a disappearance 
of the thyrotoxicosis. but in others, as seen in tables 2 and 4, adminis- 
tration of 150 mg. or more daily for several weeks was ineffective. 
The maintenance dosage was found to be from 50 to 100 mg. daily. 
In none of the patients did toxic reactions to this drug develop, in 
spite of the fact that 1 patient had reacted to thiouracil with a rash 
and to tetramethylthiourea with fever. Another patient had reacted 
with leukopenia and rash to thiouracil and with fever and rash to 
tetramethylthiourea. In 1 patient fever had developed with the use 
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TaBLe 4.—Comparison of the Potency of 6-Isobutyl, 6-Propyl and 6-Cyclopropyl 
Derivatives of Thiouracil 








Drug 


6-Isobutyl- 
thiouracil 


6-Propy! 
thiouracil 


6-Oyclopropyl- 


thiouracil 


6-Isobutyl- 
thiouracil 


6-Propyl- 
thiouracil 


6-Cyclopropy!- 


thiouracil 


6-Isobutyl- 
thiouracil 


6-Propyl- 
thiouracil 


6-Cyclopropy]- 
thiouracil 


6-Isobutyl- 
thiouracil 


6-Propylthiouracil 


6-Cyclopropyl- 
thiouracil 


6-Isobutyl- 
thiouracil 


6-Propyl- 
thiouracil 


6-Cyclopropyl- 
thiouracil 


Basai Daily 
Metabolic Dosage, 

Date Rate Gm.* 
Case 32 
12/ 3 +20 0.03 
12/21 0.06 
1/3 +28 0.06 
1/17 +32 0.12 
2/5 +25 0 
2/26 +40 0.075 
3/19 +34 0.075 
4/9 +38 0.125 
4/26 +35 0.15 
6/13 +24 0.15 
6/14 +20 0.15 
7/2 +28 0.15 
7/19 +23 0.15 
Case 51 

12/ 7 +33 0.06 
12/27 +25 0.09 
1/10 +26 0.09 
1/24 +18 0.09 
2/7 +16 0.12 
2/21 +16 0.05 
3/20 +23 0.1 
4/18 +9 0.025 
5/10 +35 0.1 
6/28 +7 0.05 
7/16 +4 0.05 
Case 212 
11/24 +37 0.03 
12/28 +35 0.09 
1/9 +36 0.09 
1/23 +28 0.12 
2/7 +27 0.075 
3/23 +10 0.075 
4/11 +26 0.1 
4/25 +38 0.15 
5/10 +12 0.15 
5/24 +11 0.15 
Case 249 
12/14 +31 0.09 
12/27 +34 0.09 
1/10 +58 0,15 
1/22 +2 0.15 
2/5 +19 0.15 
2/18 +28 0.15 
3/ 4 +29 0.075 
4/1 +30 0.1 
4/15 +67 0.1 
4/29 +47 0.15 
5/13 +19 0.15 
6/ 3 +39 0.2 
6/18 — 3 

Case 251 
12/14 +55 0.09 
12/28 +93 0.12 
1/26 +60 0.15 
2/21 +50 0.075 
3/23 +45 0.125 
4/12 +42 0.15 
4/26 +29 0.15 
5/21 +42 0.15 
6/11 +42 0.2 
6/27 +42 0.2 





Drug 


6-Isobutyl- 
thiouracil 


Thiouracil 


6-Isobutyl- 
thiouracil 


6-Cyclopropy!- 
thiouracil 


6-Isobutyl- 
thiouracil 


6-Propyl- 
thiouracil 


6-Isobutyl- 
thiouracil 


6-Propyl- 
thiouracil 


6-Cyclopropyl- 
thiouracil 


6-Isobutyl- 
thiouracil 


6-Cyclopropyl- 
thiouracil 


6-Isobutyl- 
thiouracil 


6-Oyclopropyl- 
thiouracil 


Date 
Case 256 
11/9 
11/17 
11/21 
12/11 
1/2 
1/10 


5/9 
5/23 
6/ 6 
6/19 
Case 257 
12/4 


Basal 


Rate 


= 
+30 











+44 
+19 


+23 


+47 
+3 


Daily 


Metabolic Dosage, 


Gm. 
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TaBLe 4.—Comparison of the Potency of 6-Isobutyl, 6-Propyl and 6-Cyclopropyl, 
Derivatives of Thiouracil—Continued 











Basal Daily Basal Daily 
Metabolic Dosage, Metabolic Dosage, 
Drug Date Rate Gm.* Drug Date Rate Gm.* 
6/11 +4 0.05 6-Cyclopropyl- 5/16 +37 0.3 
6/1 0 0.05 thiouracil 5/21 +50 0.3 
6/29 —Il1 0 5/24 +34 0.3 
5/29 +9 0.3 
Case 266 6/ 8 +18 03 
6-Isobutyl- 12/22 +31 0.08 Case 276 
thiouracil ahs +48 oa 6-Propyl- 4/1 +37 0.15 
3/2 +20 0.15 thiouracil 4/9 +26 0.15 
? 4/13 +2 0.15 
6-Propyl- 3/16 +40 0.075 6-Cyclopropyl- 4/25 +20 0.15 
thiouracil 4/6 +39 0.15 thiouracil 5/10 +17 0.15 
4/26 +20 0.15 5/23 +30 0.15 
6/ 6 +3 0.06 
6-Cycl - 
ae yl ~ peo os 3,5-Diiodo-para- 6/27 +35 0.4 
6/15 428 02 aminobenzoic acid 7/ 9 +40 0.8 
. 7/23 0 
po ate 6/29 +21 0.2 Case 278 
ourac 7/ll +21 0.2 6-Oyclopropyl- 4 f 8 +58 0.1 
thiouraci 4 +29 0.15 
Onse 278 5/ 9 +25 0.15 
6-Propyl- 2/19 +40 0.075 5/25 +22 0.15 
thiouracil 3/ 6 wae 0.125 
3/19 +32 0.125 2-Aminothiazole 6/12 —ll 0.3 
4/13 —_—- 0.15 6/27 +33 0.6 
4/20 +40 0.15 7/9 +12 0.6 
4/25 +34 0.15 7/% +1 





* The dosages were prescribed on the date that is given on the same line. As soon as 
the use of one drug was discontinued, another was given. In a few instances, indicated by a 
dash, the tests for basal metabolism were not performed at appropriate times. 


of ortho-phenylenethiourea. Two subjects had had a rash from the 
use of thiouracil and another patient had reacted to aminothiazole 
with a rash, fever and arthritis. 


6-Cyclopropylthiouracil.—Fifty-eight thyrotoxic patients were treated 
with 6-cyclopropylthiouracil. In several cases never more than from 
50 to 100 mg. of the drug was necessary to produce a remission in 
the thyrotoxicosis, as seen in tables 2 and 3. Yet in other cases, shown 
in tables 2, 3 and 4, administration of 150 mg. or more daily for 
several weeks was ineffective. The maintenance dose was from 50 
to 100 mg. daily. No toxic effects were observed in any case, in spite 
of the fact that 1 patient had previously reacted to thiouracil with a 
rash, 1 had had a fever, rash and arthritis with the use of amino- 
thiazole, 1 had reacted with fever and leukopenia to thiouracil and 
with fever and rash to tetramethylthiourea and 1 had reacted with 
a rash to thiouracil and with fever to tetramethylthiourea. 


6-Butylthiourac—Only 4 thyrotoxic patients were treated with 
6-butylthiouracil. Each of these persons experienced a satisfactory 
response in their disease, receiving from 90 to 150 mg. of the drug 
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daily. No toxic reactions occurred, except that in 1 patient there 
was a decrease in the white blood cell count to 3,000 after treatment 
for four weeks. 


Para-Aminobeuzoic Acid.—Eight thyrotoxic patients were treated 
with para-aminobenzoic acid. One patient experienced a rise in his 
basal metabolic rate from plus 56 to plus 82 within six weeks in spite 
of the fact that he received 1.5 Gm. daily for one week and 3.0 Gm. 
daily for five weeks. In 1 case, a normal metabolic rate having been 
obtained with the use of thiouracil, 0.5 Gm. of para-aminobenzoic acid 
was given daily as a maintenance dose, Within two weeks the basal 
metabolism had .risen to plus 25 and the patient showed evidence, 


clinically, of a reappearance of the disease. However, when in addition - 


to this therapy 0.1 Gm. of thiouracil was given daily, a clinical and 
metabolic response to normal resulted within about two weeks. To 
another patient 4.0 Gm. of para-aminobenzoic acid was given daily 
for two weeks in conjunction with 75 mg. of 6-propylthiouracil daily. 
This patient had received the latter dosage for the preceding six weeks, 
without any response. The supplemented therapy did not have any 
effect on the course of the disease. Another patient was given 1.5 Gm. 
daily for fourteen weeks. Her basal metabolic rate decreased from 
plus 57 to plus 14. No toxic effects from the drug were encountered. 


3, 5-Diiodo-Para-Aminobenzoic Acid—Nine patients were treated 
with 3, 5-diiodo-para-aminobenzoic acid, the dosage averaging about 
0.8 Gm. daily. There is essentially the same amount of iodine in 
0.6 Gm. of this compound as there is in 15 drops of a saturated 
solution of potassium iodide. The response varied a great deal in 
different patients. In 1 person the disease became slightly worse. 
In 3 patients there was only slight improvement, in 1 there was mod- 
erate improvement and in 3 there was a complete remission of the 
disease. Within nine days 1 patient showed a desirable response 
in his clinical status and basal metabolism, as shown in table 3, but 
in spite of continuation of the same dosage, 1.0 Gm. daily, within 
another five days he was definitely worse, as indicated clinically and 
by the metabolic rate. This phenomenon was observed in 2 other 
patients, and it might have occurred in another if treatment had been 
continued longer. No toxic effect was observed in any patient. 


3, 5-Dtiodo-Ortho-Aminobenzoic Acid.—Three patients with toxic 
diffuse goiter were treated with 3, 5-diiodo-ortho-aminobenzoic acid, 
doses ranging from 0.25 to 2.0 Gm. daily being used. Only slightly 
beneficial results were obtained, but no toxic effects were observed. 


Aminothiazole.—Nine thyrotoxic patients were treated with amino- 
thiazole daily, doses varying from 0.15 to 0.6 Gm. being used. In 1 
patient 0.3 Gm. daily was not adequate for a maintenance dose, as 
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seen in table 3, but administration of 0.6 Gm. was sufficient to produce 
a remission in the disease. In 2 other patients daily doses of 0.15 and 
0.3 Gm. respectively were inadequate in maintaining a normal basal 
metabolism that had been produced with thiouracil. Three patients 
showed no response to treatment within intervals of about two 
or three weeks although they received from 0.6 to 0.8 Gm. daily. 
After treatment for nine days an extensive dermatitis, resembling 
the type seen with the use of sulfathiazole, fever and severe arthritis 
involving many joints of the extremities developed in 1 patient. In 
another patient there developed hepatitis with severe jaundice, but it 
probably was infectious hepatitis. Neither of these patients had any 
untoward reactions to propylthiouracil or cyclopropylthiouracil before 
or after the aminothiazole therapy. 


Thiobarbital—One patient who had had a febrile response to 
ortho-phenylenethiourea was given iodide therapy for two months. Two 
weeks before the cessation of iodide treatment thiobarbital therapy was 
started and was continued for ten weeks in doses varying from 100 to 
150 mg. daily. There was a slight reduction in the basal metabolism 
and a moderate improvement in the clinical condition of the patient. 
However, his white blood cell count decreased to 3,200, with 45 per 
cent polymorphonuclear neutrophilic leukocytes. The thiobarbital was 
replaced with 6-isobutylthiouracil, in doses of 0.06 Gm. daily, but 
since the white blood cell count was unchanged one week later, iodide 
therapy was instituted in the place of treatment with isobutylthiouracil. 
Because the white blood cell count remained around 3,200 even three 
weeks after cessation of therapy with the thiourea derivatives, thio- 
barbital was then given in doses of 90 mg. daily. Five days later the 
patient noticed anorexia, abdominal discomfort and dark urine. Three 
days thereafter he was intensely jaundiced and had definite impairment 
of hepatic function. It is uncertain whether his hepatitis was infectious 
or due to the administration of thiobarbital. After the patient recovered 
from the hepatitis and the leukopenia, he was given propylthiouracil 
in doses of from 125 to 150 mg. for four weeks, and thereafter he received 
cyclopropylthiouracil in doses of from 150 to 250 mg. for thirteen weeks, 
without untoward effect. 

Other Thioureas.—Tetramethylthiourea and diethylthiourea were 
investigated clinically, and the results of these studies have been 
reported.* Thiourea was given to 3 patients for intervals of from 
one to two weeks, but the patients complained of its taste and smell 
so much that it was discontinued. 

Ethyldiiodobrassidate——Twelve patients with thyrotoxicosis were 
treated with ethyldiiodobrassidate in doses varying from 0.9 to 2.7 Gm. 
per day. Essentially the same amount of iodine is present in 0.9 Gm. 
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of ethyldiiodobrassidate as is in 15 drops of a saturated solution of 
potassium iodide. In addition to this medication, which was in the 
form of tablets, 3 patients received, intramuscularly, ethyldiiodobrassidate 
in olive oil; 0.3 Gm. was given daily for about two weeks. Eight of 
the 12 subjects were also given standard treatment with potassium 
iodide. The response obtained was about the same as though potassium 
iodide alone had been used, some of the patients showing no response, 
some responding partially and others experiencing a complete disappear- 
ance of the thyrotoxic manifestations. Moreover, certain patients who 
responded well had a relapse of the disease in spite of continuous 
therapy. The persons receiving the iodinated lipid and no potassium 
iodide responded in about the same manner as the ones receiving 
both drugs. The additional diiodobrassidate given intramuscularly 
did not improve the results. 

No untoward effects resulted from this form of therapy. A few 
of the patients preferred the diiodobrassidate to potassium iodide. 


Ascorbic Acid.—A thyrotoxic patient who was given tests for 
basal metabolism daily for thirteen days was found to have a rate of 
from plus 35 to plus 46 per cent on all but two occasions. She was 
then given orally 100 mg. of ascorbic acid at hourly intervals from 
5 a. m. until 9 p. m. and subcutaneously 0.5 Gm. every six hours. 
She was given this therapy on January 31, February 1 and until noon 
of February 2. At this time the previous regimen was discontinued. 
The patient was then given 1.0 Gm. of ascorbic acid, followed by 
0.5 Gm. orally every five hours until after the determination of basal 
metabolism on February 3. One hour before this test 0.5 Gm. was 
given subcutaneously. The results of tests for basal metabolism were 
as follows: plus 39 per cent on January 30; plus 40 per cent on January 
31; plus 39 per cent on February 1; plus 49 per cent on February 3, 
and plus 48 per cent on February 6. Thus the use of ascorbic acid did 
not influence the basal metabolism, nor did it have a definite effect on 
the clinical state of the patient. The thyroid gland enlarged slightly 
while the patient was receiving the ascorbic acid, but it is not definite 
that the enlargement was due to the therapy. 

Alpha Tocopherol.—A patient with moderately severe thyrotoxicosis 
and thyrotoxic myopathy was found to have a basal metabolism of 
plus 58 per cent on January 5 and plus 51 per cent on January 8. 
On the latter date he was given 0.75 Gm. of alpha tocopherol phosphate 
in 2,000 cc. of isotonic solution of sodium chloride. This solution was 
given intravenously over an interval of seven hours. On this date he 
was also given 0.24 Gm. of alpha tocopherol intramuscularly and 0.6 
Gm. orally in three divided doses. The following day, January 9, he 
received 0.2 Gm. orally at 5 a. m., 7 a. m. and 9 a.m. He was given 
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intramuscularly 0.24 Gm. at 5 a. m., 2 p. m. and 9 p.m. On January 
10, he received orally 100 mg. every hour from 10 a. m. until 9 p. m. 
and intramuscularly, 0.24 Gm. at 5 a. m. and 2 p. m. 

On January 10 he was also given 0.65 Gm. of alpha tocopherol 
phosphate, intravenously, between 9 a. m. and 11 a. m. The basal 
metabolism, determined fifteen minutes later, was plus 78 per cent. 
The following day it was plus 84 per cent; on January 9 it was plus 
50 per cent. During the alpha tocopherol therapy the thyroid gland 
became definitely larger, the thyrotoxicity increased and the patient 
became much weaker. 


Radioactive Iodine——Five patients have been treated with radio- 
active iodine. Two of these were given 25 millicuries of iodine, with 
a half period of twelve hours. One subject had had no previous therapy, 
while the other had been treated with thiouracil for one year but received 
no treatment for one week preceding the radioactive iodide therapy. 
A complete remission was obtained in both patients within four months. 
The other 3 patients were given 25, 20 and 15 millicuries respectively, 
but insufficient time has elapsed thus far for proper evaluation of the 
results. No ill effects fro: the treatment have been observed so far. 
This type of therapy was particularly welcomed in 1 of these patients 
because he was 72 years of age and was bothered with severe thyrotoxic 
myopathy and acute rheumatoid arthritis. Moreover, he had a febrile 
response to ortho-phenylenethiourea and failed to respond to iodide 
therapy. While he was taking thiobarbital leukopenia and severe 
hepatitis developed. In spite of therapy for several months, he was 
in an unsatisfactory condition for thyroidectomy. Three other patients 
who needed this type of treatment were referred to Dr. Earl Chapman. 
One was a patient who had reacted to thiouracil with fever and in 
whom severe dermatitis associated with iodide therapy had developed. 
Another patient was an elderly woman who reacted to tetramethyl- 
thiourea with fever and to iodide with a severe rash. The third person 
was refractory with regard to iodide and had had malignant neutropenia 
with thiouracil treatment. Consequently, in each of these patients the 
usual forms of therapy were unsatisfactory and the risk associated with 
thyroidectomy was too great. Each has responded well to treatment with 
radioactive iodine. 

COMMENT 


In view of the fact that three relatively good types of treatment are 
available for thyrotoxic patients, the question often arises as to which is 
the best treatment—surgical intervention or administration of thioureas 
or radioactive iodine. A careful evaluation of the favorable and unfavor- 
able results of each form of treatment will indicate that the treatment of 
choice varies with the individual case. However, there is left a fairly 
large proportion of patients in whom any one of the three types of therapy 
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is optional and may be determined partially by the temperament of the 
patient and by the physician. The problem is sometimes a difficult one 
to decide, especially when the physician considers the matter from an 
unprejudiced and scientific point of view. The problem will doubtless 
become easier as more is learned about the use of the thioureas and 
radioactive iodine. In the succeeding paragraphs are listed some factors 
which help govern the extent of usefulness of the three procedures. 


A. Surgery—The performance of a subtotal thyroidectomy for 
the treatment of thyrotoxicosis has one advantage over the use of 
thioureas or radioactive iodine in that there is more definite information 
about the long range results of therapy. With the use of the latter two 
forms of therapy undesirable results may appear which are unforeseen 
at present. On the other hand, with improvement in these methods of 
therapy more good results and fewer of the present poor results may be 
obtained. To be sure, the results with surgical treatment will also 
improve but probably not to as great an extent. 

Surgical intervention would seem to be the treatment of choice when 
there is an extremely large nodular goiter. However, such glands have 
been observed to decrease slightly in size after the use of thiouracil and 
to a great extent after treatment with radioactive iodine. In some 
instances the most rapid remission from the disease is offered by surgical 
treatment. However, when consideration is given to the time required 
for the patient to recover completely from the operation, the interval is 
not infrequently as great as is required for the production of a complete 
remission with the use of radioactive iodine. 

It has been proposed *° that an operation is especially desirable when 
a toxic nodular goiter is present, because of its prophylactic value in 
the avoidance of the development of malignant changes of the thyroid 
gland. In the evaluation of this point, several other factors must be 
considered, as for example, the great rarity of malignant changes of the 
thyroid in patients with thyrotoxicosis. Means ** stated in his textbook, 
which covers the experiences of a large and active clinic for the treat- 
ment of thyrotoxic patients for a period of more than twenty years, 
“We have not seen cancer in persons who in the past have had toxic 
goiter.” Whereas Dr. Means has recently informed me that he sub- 
sequently has seen a few instances of carcinoma of the thyroid in thyro- 
toxicosis and whereas a few cases have been reported by other authors, 
it can be concluded that “malignant” neoplasms of the thyroid gland in 
thyrotoxic patients are extremely rare.” 

In a consideration of the results of surgical intervention, it must be 
borne in mind that surgical treatment is available to only a small minority 





20. Beierwaltes, W. H., and Sturgis, C. C.: Remissions in Thyrotoxicosis 
After Thiouracil, J. A. M. A. 131:735 (June 29) 1946. 
21. Rogers, W. F., Jr.; Asper, S. P., Jr., and Williams, R. H.: To be published. 
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of the people. Consequently, in the assessment of the value of an 
operation the figures of a few specialized clinics should not be considered 
as applying to the problem as a whole. Moreover, even in the best clinics 
—for example, the Massachusetts General Hospital—better results are 
desirable. For instance,® 2.6 per cent of the patients died during or 
soon after operation, myxedema developed in 2.3 per cent and hypo- 
parathyroidism developed in 1.3 per cent. Thus far, none of these 
complications except myxedema has resulted from treatment with 
radioactive iodine, nor has recurrent paralysis of the laryngeal nerve, 
and none of them has resulted from the newer thiourea derivatives. 

Treatment by means of surgical intervention presents a number of 
major problems that need not occur with either of the other forms of 
therapy. The patient must make emotional, financial and social adjust- 
ments for his hospitalization. He is subjected to a great deal of dis- 
comfort that is not associated with either of the other forms of 
treatment. The loss of time from work, nursing care, hospital bill and 
surgeon’s fee add up to an amount which usually is greater than in 
the other forms of therapy. 

Surgical Treatment or Radioactive Iodine.—One of these forms of 
therapy is indicated when an extremely large goiter is present. However, 
this is not necessarily so, particularly if the goiter is not nodular, because 
roentgenotherapy used in conjunction with thiouracils has given satis- 
factory results.1* An operation or radioactive iodine is indicated when 
serious toxic reactions to thioureas have occurred, although another 
thiourea derivative sometimes may be used satisfactorily. Rarely a 
patient will appear to be somewhat refractory with regard to these com- 
pounds, and whereas this refractoriness might be overcome by the use 
of large doses over long intervals, at present it seems wiser to change 
to another form of therapy. Radioactive iodine or surgical treatment 
is preferable for persons in whom it is not desirable to give prolonged 
treatment, especially in subjects who will not take a thiourea derivative 
regularly. 

Thioureas or Radioactive Iodine-——Therapy with one of these com- 
pounds is desirable especially in the patients who cannot be gotten 
conveniently into satisfactory condition for thyroidectomy. They are 
useful in patients who cannot afford the extra expense of an operation 
and in those who have a great fear of such treatment. The use of one 
of the compounds is desirable in persons who have been subjected to one 
or more thyroidectomies and especially in those in whom a paralysis 
of the vocal cord has developed or in those with hypoparathyroidism. 

Radioactive Iodine.—The use of radioactive iodine has the advantage 
over either of the other forms of therapy in its simplicity of administration 
and in its effectiveness in essentially all cases. It is distinctly less 
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expensive than surgical treatment and will become much cheaper, but 
it is available, thus far, to an extremely small number of patients. It is 
especially useful in patients who are unreasonable and difficult to manage. 
Morever, it is probably the most certain way of abolishing thyrotoxicosis, 
although it is accompanied with a distinct risk of myxedema. The 
results thus far are promising and doubtless will improve greatly as 
more information is obtained about the regimen for optimal dosage. 
However, at present the results of this form of therapy are more 
uncontrollable than is true of either of the other types. The surgeon 
has much difficulty in deciding just how much of the thyroid tissue to 
leave in even when he has a good view of it. In the estimation of the 
amount of radioactive iodine to be used it is uncertain how much tissue 
is present and what the state is of iodine metabolism in the patient, 
both of which are factors of distinct importance in the determination 
of the optimal dosage. In general, it seems wiser to err on the side of 
not giving enough rather than of giving too much, because in the former 
instance additional doses can be administered. Even though a regimen 
of multiple dosage is used, it is still possible to overestimate the quantity 
of radioactive iodine that is necessary. If iodide or thiourea therapy 
has been given, it is important to discontinue the former four weeks and 
the latter one week before radioactive iodine is given. It is advisable to 
administer one. of the thiourea compounds or potassium iodide, or 
both, during the period of approximately two months following treat- 
ment with radioactive iodine that is required to obtain a full effect. 
Hertz ** has found that when potassium iodide therapy is begun one 
day after the radioactive iodine has been given the latter is retained 
to a greater extent. 

Two questions that are of concern with the isotopic therapy are not 
yet definitely answered: A. Will the gamma rays that are introduced 
be carcinogenic? Experiences with roentgenotherapy suggest ‘that 
such an effect will be infrequent. B. What are the damaging effects 
to other portions of the body, especially the kidney? Another problem 
which may be presented in the future, with the utilization of the various 
isotopes in domestic activities, is the avoidance of excess radioactivity. 


Thioureas.—This form of therapy would seem to offer more oppor- 
tunity for development than would either of the other types, since 
many hundred compounds of this type remain unexplored. The rate of 
production of the thyroid hormone can be much more accurately con- 
trolled with thioureas than with surgical intervention or radioactive 
iodine. Therefore, the level of metabolism can temporarily be adjusted 
according to what is best for the patient. This regulative ability is 
sometimes desirable in persons with cardiac disease, anxiety neurosis 


22. Hertz, S.: Personal communication to the author. 
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and malignant exophthalmos. This type of therapy is available to a 
larger group of persons than is either of the other types. It is useful 
in the preparation of patients for thyroidectomy and in those that are 
not cured by surgical treatment. It is indicated in patients who are 
waiting for radioactive iodine treatment and in those who are waiting 
for a response from the latter. It can be used advantageously when an 
insufficient amount of radioactive iodine has been given. Indeed, this 
combined type of therapy might well be superior to any of the other types 
of treatment. Surgical treatment or radioactive iodine always can be 
used after the thiourea therapy, if a change is desired. Therapy with 
thiouracil is more effective in patients with small goiters and slight 
thyrotoxicosis than in the severer cases. In some patients thyrotoxicosis 
is a self limited disease, and in these patients the thiourea derivatives 
not only can control the manifestations of the disease but may shorten 
its duration. 

Comparison of Certain Thioureas and Aminobenzenes——Now that 
many thioureas and aminobenzen#s have been studied clinically ** and 
many others have been shown to have pronounced antithyroid effects in 
rats,’ the question arises what the relative values of these compounds are 
in the treatment of thyrotoxicosis. 

On the basis of the study in this clinic of the comparative effects of 
many compounds, the following tentative order of decreasing potency 
may be given. As seen in table 4, there was no definite difference 
between the effects of 6-propylthiouracil and of 6-cyclopropylthiouracil, 
but each was more potent than were the other drugs. The next most 
active was 6-isobutylthiouracil, fc’!owed by 6-butylthiouracil, 6-methyl- 
thiouracil, thiouracil, ortho-phenyienethiourea, tetramethylthiourea, thio- 
thymine and aminothiazole; last, and much less potent, was para-amino- 
benzoic acid. We have not had enough experience with thiourea to 
assess its relative value. Whereas 3, 5-diiodo-para-aminobenzoic acid 
was effective in some cases, it is difficult to determine how much of 
the effect was due to its iodine content. All the beneficial results 
obtained from the use of ethyldiiodobrassidate appeared to be due to 
the iodine. As far as the clinical application of the compounds is 
concerned, the order would be somewhat similar, except in the case of 
a few compounds which caused frequent toxic reactions, as, for example, 
ortho-phenylenethiourea and aminothiazole. For the same reason the 
use of thiobarbital is not as desirable. 


23. (a) Leys, D.: Hyperthyroidism Treated with Methylthiouracil, Lancet 
1:461 (April 14) 1945. (b) Berman.12 (c) Williams.1® (d) Astwood.'4 
(e) Bartels, E. C.: Use of Thiobarbital in the Treatment of Hyperthyroidism, 
J. A. M. A. 129:932 (Dec. 1) 1945. (f) Astwood.15 (g) Perrault and Bovet.13 
(4) Himsworth, H. P., and Morgans, M. E.: Aminothiazole in the Treatment 
of Thyrotoxicosis, Lancet 1:800 (May 25) 1946. (#) Wilson, A.: Thyrotoxi- 
cosis Treated with Thiouracil and Methylthiduracil, ibid. 1:640 (May 4) 1946. 
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Whereas Perrault and Bovet ** were enthusiastic about aminothiazole, 
11 per cent of their patients had toxic reactions. Of the patients whom 
we treated, severe arthritis, fever and rash developed in 1; in another 
patient hepatitis developed, but this was probably infectious in origin. 
Himsworth and Morgans **" obtained such unfavorable results in the 
treatment of 13 patients with aminothiazole that they discontinued this 
form of therapy. 

Wilson **! compared the results of thiouracil treatment of 40 patients 
with the results of methylthiouracil therapy in 30 patients and obtained 
better results with the methyl derivative. Our experiences with this 
compound were also fairly satisfactory. 

Although none of the toxic effects of ortho-phenylenethiourea was 
severe, consisting chiefly in fever, they were more frequent than was 
desirable. Thiothymine was not as active as were many other com- 
pounds, and it caused a moderately severe febrile reaction in 1 patient. 

Whereas Berman ?? was enthusiastic about the use of para-amino- 
benzoic acid, the response of his patients was extremely slow. Moreover, 
it is not practical to give almost daily intravenous injections for several 
months. Para-aminobenzoic acid was found not to exert much anti- 
thyroid effect when given orally in large doses. Indeed, it was not 
satisfactory-in the maintenance of the normal metabolic rate which had 
been produced by thiourea derivatives. No synergistic effect of para- 
aminobenzoic acid with thioureas was observed in 2 patients in whom 
this was tested. ’ 

Tetramethylthiourea **® was found to be a satisfactory drug, but its 
use occasionally caused a severe febrile reaction. 

No significant toxic reactions were caused by 6-isobutylthiouracil, 
but it was replaced by the propyl derivatives whose antithyroid activity 
seemed to be greater. 

Propylthiouracil and cyclopropylthiouracil appeared to be equally 
active, and neither drug caused any toxic reactions. Consequently, 
these drugs would seem to be the most desirable ones that are available 
at present. 

In looking over the tables, especially table 4, the response of some 
of the patients to the “more potent” thiouracil derivatives can be observed 
to be slow. Indeed, in some of the cases a complete response is not 
shown in the table, but when iodide therapy supplemented the treat- 
ment with thiouracils, a complete remission was observed. Whether 
some of these patients would have shown a full response to a greater 
dosage of the thiouracils is unknown; some were receiving as much as 
200 mg. daily. On the basis of the observations of the antithyroid 
effects of the propyl derivatives in rats, one would anticipate just as 
rapid a response in the patients with thyrotoxicosis treated with these 
compounds as in those treated with thiouracil, provided that an adequate 
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dosage is used. The relatively much greater activity of the propyl 
derivatives in rats has led to the use of smaller doses of these drugs 
than are really needed in some cases. By the use of doses slightly larger, 
toxic reactions might be produced, but this is not necessarily true. On 
the basis of pharmacologic studies which Kay and I have conducted,” 
it would appear probable that even with the doses of the propyl derivatives 
which were used the concentrations of the drugs in the tissues were as 
great as or greater than those which exist with standard thiouracil 
therapy. 

Whether a greater incidence of sustained remissions will follow 
therapy with the propyl derivatives than was true of thiouracil therapy 
remains to be determined. However, there is no good reason for 
assuming this at present, since the mechanism of action of the two 
compounds is probably similar. 


SUMMARY AND CONCLUSIONS 


A total of 112 thyrotoxic patients have been given two hundred and 
twenty-two courses of therapy with some of the newer antithyroid drugs. 
Many of these patients were treated with several courses of therapy, 
a different compound being used each time, and comparisons were made 
of the effectiveness of the drugs in the same and in different patients. 
The strongest antithyroid action was shown by 6-propylthiouracil and 
6-cyclopropylthiouracil. The other drugs, in order of decreasing potency 
were: 6-isobutylthiouracil, 6-butylthiouracil, 6-methylthiouracil, ortho- 
phenylenethiourea, thiothymine and aminothiazole. Thiouracil could 
be placed immediately after -6-methylthiouracil and tetramethylthiourea 
after ortho-phenylenethiourea in the order of potency. The order of 
desirability of the drugs is somewhat the same as their order of potency, 
with the exception of ortho-phenylenethiourea, which caused toxic 
reactions more frequently than did the other drugs. The use of amino- 
thiazole caused severe arthritis, dermatitis and fever in 1 patient. In 
58 patients treated with 6-cyclopropylthiouracil and in 39 treated with 
6-propylthiouracil no toxic reactions were observed. In 43 patients 
treated with 6-isobutylthiouracil the only toxic reaction was slight itching 
in a few patients. 

Para-aminobenzoic acid was not notably active even when given in 
large doses. On the other hand, the use of 3, 5-diiodo-para-aminobenzoic 
acid produced a rapid response in a few patients. Whether the favorable 
results were due to a decided affinity of the thyroid for iodine, thereby 
leading to a concentration of the aminobenzene radical in the thyroid, 
or whether they were due to the regular effect of iodine is not known, 
although the rapidity of response and of relapse in spite of continuous 
therapy was more suggestive of the latter. The action of the orthoamino 
analogue was somewhat similar. 
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Ethyldiiodobrassidate, an iodinated fatty acid derivative, was not 
definitely superior to potassium iodide, even when given intramuscularly 
as well as orally. 

A discussion is given of the relative merits of radioactive iodine, 
subtotal thyroidectomy and thioureas in the treatment of thyrotoxicosis. 
It is concluded that the individual circumstance may determine the 
treatment of choice, although there are many cases in which the decision 
is optional and may depend on a number of factors as, for example, 
the temperament of the patient. Indeed, in some instances the decision 
is difficult, but it should become easier as more is learned about the 
chronic effects of radioactive iodine and of the thioureas. Thiourea 
derivatives can be used effectively in conjunction with radioactive treat- 
ment, or vice versa. It is sometimes of advantage to use all three forms 
of therapy. 

Drs. S. P. Asper Jr., J. D. Myers, W. F. Rogers Jr. and C. W. Lloyd ren- 
dered assistance in this study. Technical assistance was given by Misses Mary 
Hyde and Grace Reynolds. 











THIOURACILS AND THIOUREAS 


Comparisons of the Absorption, Distribution, Destructicn and Excretion 


ROSERT H. WILLIAMS, M.D. 
AND 


GLORIA A. KAY, B.S. 
BOSTON 


N THE ATTEMPT to obtain antithyroid compounds which were 
superior to 2-thiouracil, it seemed important not only to test the 
thyroid-inhibiting effects of many related substances in animals * but also 
to compare the activities of the more potent goitrogenic compounds in 
patients with thyrotoxicosis.? Moreover, it was regarded as important 
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Harvard Medical School. 
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to investigate the differences in the manner in which the body handles 
these drugs, especially as regards their absorption, distribution, destruc- 
tion and excretion. Studies of this nature have previously been made 
with thiouracil,® thiourea,‘ diethylthiourea,** tetramethylthiourea ** and 
aminothiazole.** All these drugs are rapidly absorbed from the gastro- 
intestinal tract and destroyed in the body. None of the first four com- 
pounds is excreted in the stools; approximately one third of these 
substances is excreted in the urine. In the case of thiouracil, which 
has been studied more extensively than the other compounds, the fol- 
lowing significant observations have been made.°® 

1. Accurate estimations can be made of its concentrations in all the 
tissues and fluids of the body. 

2. It is rapidly absorbed from the gastrointestinal tract, significant 
concentrations in the blood developing within fifteen minutes, but about 
15 per cent of the drug is destroyed in the gastrointestinal tract. The 
secretions of the stomach, duodenum and jejunum, but not the contents 
of the ileum, possess the capacity to break down the drug. 
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1944. (i) Williams, R. H., and Kay, G. A.: Absorption Distribution and 
Excretion ‘of Thiourea, Am. J. Physiol. 143:715 (May) 1945. 

5. (a) Williams, Kay and Jandorf.3@ (b) Williams.8> (c) Williams.2¢ 
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3. Most of the thiouracil in the blood is in the cells, and nearly all 
of it is bound to protein. It can be freed from the protein by digestion 
with trypsin; it has been released from serum by ultrafiltration at a 
low pu.® The concentration of thiouracil in the blood rarely exceeds 
6 mg. per hundred cubic centimeters, regardless of dosage, damage to 
the kidney or hepatic damage. 

4. It has been found in essentially all the tissues and fluids of the 
body, but the concentrations have been different. 

5. Approximately one half of the total amount of thiouracil ingested 
is broken down in the body, essentially all tissues possessing this capacity 
to varying degrees. 

6. About one third of the drug ingested is excreted unchanged in 
the urine. The products of disintegration of thiouracil have not been 
established, but following its administration there is an increased excre- 
tion in the urine of neutral sulfur. 

7. Thiouracil is transported through the placenta in biologically 
active quantities. ' 

In the studies of other thiouracils reported in this paper not so many 
phases of action were investigated as were done with thiouracil, but 
certain comparative studies were made of thiothymine (5-methylthioura- 
cil), ortho-phenylenethiourea and several thiouracils possessing hydro- 
carbon chains as substituents in the 6-position: methyl, ethyl, n-propyl, 
cyclopropyl, n-butyl, isobutyl and amyl groups. 


METHODS 


In 1943 methods for the determination of thiouracil in any of the tissues and 
fluids of the body were worked out.? These methods have now been used 
satisfactorily in this laboratory for several thousand determinations and have 
been applicable to a wide variety of concentrations of many thioureas and _thio- 
uracils. The methods depend on the production of a blue or green color when 
these compounds are mixed with Grote’s reagent. This reagent is made by the 
addition of sodium nitroferricyanide, hydroxylamine hydrochloride and sodium 
wcarbonate to distilled water; bromine is added to this-solution. Several points 
require special consideration: 1. Most of the thiouracils are not readily soluble 
in acid solution. 2. A large proportion of each thiourea compound in the blood 
is bound to protein and must be freed. 3. The amount of bromine in Grote’s 
reagent must be accurately controlled. 4. The factors of time and pu are extremely 
important. Moreover, it is to be borne in mind that certain bacteria or pro- 
nounced heat may alter the thiouracil molecule. 


6. Christensen, H. N.: Ultrafiltrability of Thiouracil in Human Serum: 
Determination of Thiouracil, J. Biol. Chem. 160:425 (Oct.) 1945. 

7. Williams, R. H.; Jandorf, B. J., and Kay, G. A.: Methods for the 
Determination of Thiouracil in Tissues and Body Fluids, J. Lab. & Clin. Med. 
29:329 (March) 1944. 
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Precipitation of Proteins —For the precipitation of the proteins several com- 
mon protein precipitants were tried. It was desirable to precipitate the proteins 
at an alkaline pu because the thiouracils are much more soluble than at an acid pz. 
For example, at fx 3.2 less than 50 mg. of thiouracil was soluble in 100 cc. of 
water at 25 C. This concentration of the drug was exceeded in certain of the 
studies reported in this paper, as well as in others. Moreover, even with con- 
centrations of thiouracil in which there is no problem of solubility our recoveries 
from the blood of patients treated with the drug are not as good when trichloroacetic 
acid is used as the protein precipitant as when cadmium chloride is used. For 
example, with the use of the latter precipitant 1 patient was found to have 
3.8 mg. of thiouracil per hundred cubic centimeters of blood. With precipitation 
with trichloroacetic acid, as described by Christensen,* only 53 per cent of this 
amount was found; with tryptic digestion preceding the precipitation with tri- 
chloroacetic acid, 64 per cent was demonstrated. That a falsely high value 
was not obtained with the cadmium chloride was shown by recovering approxi- 
mately 100 per cent of the compound when thiouracil was added to the blood of 
the untreated patient. 

In order to obtain alkaline filtrates, a mixture of sodium tungstate and copper 
sulfate was tried. However, one handicap with this method of precipitation was 
that unless the pa was carefully regulated copper ions would appear in the 
filtrate, giving a blue color which interfered with the colorimetric estimations. 
To improve this step several other protein precipitants were tried. Alcohol was 
used ® but was unsatisfactory because a red filtrate was obtained. However, 
cadmium chloride was found to be satisfactory. To 1 cc. of blood was added 
9 cc. of a 1 per cent solution of cadmium chloride and 1 cc. of ‘normal sodium 
hydroxide. It was desirable to centrifuge the mixture in order to hasten the 
rate of filtration, since the precipitate is extremely heavy. Grote’s reagent was 
found to yield a precipitate with the excess cadmium chloride in the precipitate, 
probably forming cadmium ferricyanide. When sodium carbonate was added, a 
flocculent precipitate was formed which could be readily separated by filtration. 
When Grote’s reagent was added to this filtrate, containing thiouracil, a clear 
green color developed. Since the xu of the filtrate following precipitation with 
sodium carbonate was in the range of 11.0, necessitating adjustment to about 
8.5, barium carbonate was tried as a substitute for the sodium carbonate, since 
it did not produce as much elevation in the px, but it did not cause adequate 
precipitation of the cadmium. : 

A satisfactory precipitation was not obtained when sodium carbonate was 
added at the same time as the cadmium chloride and sodium hydroxide, probably 
because of the elevation of the fx. Therefore, in summary, the following pro- 
cedure is used: 

1. To 1 ce. of blood is added 9 cc. of 1 per cent cadmium chloride and 1 cc. 

of normal sodium hydroxide. 

2. The mixture is shaken, centrifuged and filtered. 

3. To the filtrate is added a knife edge of solid sodium carbonate. This is 

shaken and filtered. 

4. The pu of the filtrate is adjusted to a range of 8 to 9, and then the pro- 

cedure is the same as the one previously described. 

The foregoing method is applicable to tissue. It is important not only to add 
sodium hydroxide but also to let the mixture stand for several hours. That 


8. Hiller, A., and Van Slyke, D. D.: A Study of Certain Protein Precipitants, 
J. Biol. Chem. 53:253 (Aug.) 1922. 
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sodium hydroxide aids in the release of thiouracil from the tissues was shown on 
analyzing muscles of rats treated for several days. However, tryptic digestion 
is necessary to insure complete release of the thiouracil. 

Bromine in Grote’s Reagent—In view of the fact that thiourea and thiouracil 
react with iodine, it was thought probable that a similar reaction would take place 
with bromine and would, therefore, be of great concern if any excess bromine were 
in Grote’s reagent. If too little bromine is used in Grote’s reagent, a cloudy 
solution is obtained, but when there is too much bromine there is a reddish color 
instead of a mahogany one. To 100 cc. of solution of 20 mg. of thiouracil per 
hundred cubic centimeters was added 1 drop of bromine. The mixture was 
permitted to stand for fifteen minutes and then assayed for thiouracil in the 
usual manner; only 14 per cent of the thiouracil was recovered. Therefore, it is 
most important to get rid of the excess bromine, and, furthermore, it is imperative 
that each new batch of Grote’s reagent be tested with a standard solution of 
thiouracil. Phenol has been used to get rid of the excess bromine, but this some- 
times causes a precipitate to form. 

Properties of Thioureas and Thiouracils Tested—All the antithyroid drugs 
studied, listed previously, tended to be somewhat insoluble in water but were 


TaBLe 1.—Accuracy of Determinations of Thiouracils in (Blood, Tissue and Urine 

















Blood Tissue Suspension Urine 

Concentrations tested, o- a a) Si “~ \ an — 

I 9 cbs. 5 cicnesuaveues 0.4 16 2.4 40 0.5 10 5.0 8.0 10.0 1.0 4.0 10.0 20.0 

% Recovered 

6-Methylthiouracil.............. 100 94 100 100 100 90 100 98 100 100 100 100 100 
6-Ethylthiouracil...... .--- 100 100 100 95 100 100 9% 98 100 100 100 100 100 
6-Propylthiouracil...... 100 100 10 100 100 100 100 100 100 100 100 100 100 
6-Cyclopropylthiouraci ..-» 100 100 100 8 0 8 8 & 0 0 & 58 
6-Butylthiouracil............... 100 100 100 9 100 80 100 100 100 100 100 100 100 
6-Isobutylthiouracil............ 0 87 88 100 0D & 8 8 Oo Hm DB 9 
6Amylthiouracil................ 100 100 100 100 100 80 9 100 100 100 100 100 100 





soluble in an alkaline medium. Thiouracil and ortho-phenylenethiourea’ were the 
most insoluble. The maximal color reaction of each compound was transmitted at 
a wavelength of 660, with the exception.of 6-hexylthiouracil, which was at 550. 
When plotted on semilogarithmic paper, a straight line relationship was found to 
exist between the concentration and the intensity of color for each of the compounds. 
The maximal development of color took place in fifteen minutes, and the color was 
stable for one hour. The color formed by ortho-phenylenethiourea faded more 
rapidly than did the others. 


Recoveries from Blood, Tissues and Urine.—Excellent recoveries from blood, 
tissues and urine were obtained (table 1) with the following thiouracil derivatives : 
6-methyl, 6-ethyl, 6-propyl, 6-butyl, 6-amyl and 6-hexyl. The recoveries of 
6-cyclopropylthiouracil were good in the blood but poor in tissue suspension or in 
urine. The recoveries of ortho-phenylenethiourea from blood and urine were poor. 
Isobutylthiouracil was incompletely recovered from the blood, tissues and urine. 
Christensen® has also obtained good recoveries when certain thiouracils were 
added to serum. However, the poor recoveries which he obtained with 6-hexyl- 


9. Christensen, H. N.: Analytical .Determination and Some Properties of 
Several Thyroid-Inhibiting Compounds and of Substances Related to Them, J. 
Biol. Chem. 162:27 (Jan.) 1946. 
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thiouracil were contrary to our experience. For example, with the following 
concentrations of this compound—0.4, 0.8, 1.6, 3.2 and 4.0 mg. per hundred cubic 
centimeters of whole blood—the per cent recoveries were respectively 100, 75, 100, 
94 and 90. 

Preservatives for Urine—Various preservatives were used in urine before a 
satisfactory one was found. Whereas chloroform is a good preservative, it extracts 
a small amount of thiouracil; toluene extracts a good deal. Sodium fluoride or 
thymol did not offer this problem, but they did not always inhibit bacterial growth. 
Acids were used satisfactorily, but they necessitated adjustment of the pa. Thus 
far the addition of 5 cc. of 40 per cent formaldehyde per twenty-four hour specimen 
of urine has been satisfactory. 

RESULTS 


Rate of Breakdown of Propylthiouracil as Compared with Thiouracil. 
—Fifteen male rats, weighing about 130 Gm., were given 5 mg. of 
6-propylthiouracil each intravenously *° and killed, in groups of three, 
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Chart 1—Rate of destruction of propylthiouracil in the body. Each column 
indicates the proportion of 6-propylthiouracil remaining in the body of 1 rat after 
the injection, intravenously, of 5 mg. of this compound. The portion of the column 
above the crossbars represents the amount of the drug excreted in the urine. The 
side arms are values for thiouracil in another experiment conducted in an identical 
manner; they include the thiouracil in the urine of the rats killed after ten 
and twenty-four hours. Each rat weighed approximately 130 Gm. 


after one minute, one hour, three hours, ten hours and twenty-four hours. 
All urine was saved and analyzed. An identical experiment was con- 
ducted with thiouracil. That accurate analyses of the whole animals 
could be conducted was demonstrated by recovering nearly 100 per cent 
of the compound from animals that were killed one minute after the 
injections. It can be observed in chart 1 that a rapid rate of destruction 
occurred with each compound, being faster with thiouracil than with 


10. All the thiouracils injected intravenously were in the form of their sodium 
salt. 
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6-propylthiouracil. After ten hours only about 23 per cent of 6-propyl- 
thiouracil and 15 per cent of thiouracil remained in the carcass. After 
twenty-four hours there was none of the latter and little of the former ; 
about 15 per cent of thiouracil was excreted in the urine. 

Concentration in the Body and Thyroid Gland of Thiouracils Injec- 
ted Intravenously.—Rats weighing about 130 Gm. received injections 
into the femoral vein of 5 mg. of thiouracil or one of its derivatives 
possessing one of the following radicals in the 6-position: methyl, ethyl, 
propyl, butyl or amyl. Six rats were given injections of one compound ; 
3 of these were killed after one minute, and the total amount of drug in 
the body was determined. As shown in chart 2, about 90 per cent or 
more of the compound injected was recovered ; therefore, the method was 
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Chart 2.—Concentration of thiouracils after intravenous administration of 5 


mg. Each narrow column represents the proportion of thiouracil or one of its 
derivatives remaining in the carcass of 1 rat three hours aiter the intravenous 
injection of 5 mg. of one of the compounds. The broad columns represent the 
amount of drug found in pooled specimens of three thyroid glands. At the bottom 
of the chart the accuracy of the determinations is indicated by the high percentage 
of recovery of the compounds in rats that were killed one minute after the substances 
had been injected. Each rat weighed about 130 Gm. 


considered satisfactory. The other rats were killed three hours after 
injection, and an analysis was made for the total amount of thiouracil 
in the body and in a pooled specimen of three thyroid glands. As can 
be observe‘ in chart 2, there was a decidedly smaller quantity of the drug 
found in the body and in the thyroid gland in the case of thiouracil 
than was true of its derivatives. There was no noteworthy difference 
between the concentrations of the various derivatives. 
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Concentration in the Body and Thyroid Glands of Ingested Thioura- 
cils—To each of twelve groups of rats, with 3 rats per group, was given 
thiouracil or one of its derivatives. These compounds were given as 
0.02 per cent or 0.05 per cent solutions, each group of 3 rats receiving 
36 cc. per day as their intake of fluid. After five days the animals were 
killed, and estimations were made of the concentration of drug in the 
body and in the thyroid gland. These rats weighed about 105 Gm. each. 

In the body of the animals that received the 0.05 per cent solution, or 
a total of 90 mg. for 3 animals, of one compound or another there was 
about three times as much 6-methyl, 6-propyl and 6-amyl thiouracil 
as there was of thiouracil, as shown in chart 3. There was slightly more 





Each group given 36 mgm. in 5 doys 





20F Eoch group given 90 mgm. in 5 doys 
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Chart 3.—Concentration of thiouracils in body. Each column indicates the 
concentration of thiouracil or one of its derivatives in the body of 1 rat. The results 
in the top of the chart are of experiments on animals, each 3 of which were given 
36 cc. of a 0.02 per cent solution of one of the compounds. This amount was given 
as their daily drinking water. The results in the lower half of the chart are of 
experiments on rats, each 3 of which were given daily 36 cc. of a 0.05 per cent 
solution of the respective compounds. Each rat weighed approximately 105 Gm. 


6-ethyl and 6-butyl thiouracil than there was of the parent compound. 
It is striking that the derivatives with an odd number of carbon atoms 
in the 6-position are much more concentrated than are those with an 


even number. 
All the substituted thiouracils were found in the thyroid gland in 


greater concentration than was thiouracil itself, as seen in chart 4. It 
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was surprising to note that the three derivatives of thiouracil existing 
in greatest concentration in the body as a whole were less concentrated 
in the thyroid than were the two other derivatives. The ratio of drug 
in the thyroid to that in the body was much greater in the case of 6-ethyl 
and 6-butyl thiouracil than was true of the other compounds, as seen in 
table 2; it was least in the case of 6-propylthiouracil. 

In the body of the animais receiving 36 mg. of the drugs there was 
a great deal less concentration of the compounds than was found in those 
receiving 90 mg., but the same relative comparisons existed, except that 
there was not quite as great a proportionate excess of the 6-methyl, 
6-propyl or 6-amyl] derivatives, as shown in chart 3. The concentrations 
of the compounds in the thyroids were in the same relative order as in 
the animals receiving 90 mg. in five days, as seen in chart 4. 
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Chart 4.—Concentration of thiouracils in thyroid glands. Each column represents 
the concentration of the thiouracils in a pooled specimen of three thyroid glands, 
corresponding to the carcasses in chart 3. 


Studies identical to the foregoing were carried out with 6-isobutyl- 
thiouracil, but the results are not included in the charts, since only incom- 
plete recoveries could be obtained with this compound; in spite of this 
fact, a larger quantity of isobutylthiouracil was found in the body and 
thyroids of these animals than was the case with thiouracil. 

Two further experiments were conducted, similar to the foregoing 
ones except that the animals were permitted to have for their intake 
of fluid as much 0.05 per cent thiouracil or 6-propylthiouracil as they 
desired. That the body was not saturated with these compounds in 
two days is shown by the fact that the concentration in the carcass and 
in the thyroid gland was many times higher at the end of five days, 
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as shown in table 3. In a comparison of the results in table 3 with 
those in charts 3 and 4, it can be seen that the concentration of either 
thiouracil or 6-propylthiouracil was much greater when 0.02 per cent 
solution was given for five days than when 0.05 per cent was given for 
two days. It can also be seen in table 3 that in comparison with the 
amount of drug ingested the concentration of 6-propylthiouracil is 
greater than that of thiouracil, in the thyroid as well as in the body. 

Concentrations of Thiouracils in the Blood of Human Beings.—On 
the basis of many studies with thiouracil it was concluded that in study- 


TABLE 2.—Ratio of Concentration of Thiouracils in the Thyroid to That in the Body 











Amount ingested in five dayS..............ccceseeeeceeeees 90 mg. 36 mg. 
Concentration in Thyroid : Body 
tis 
Ns Swen yh ccecndnndsongtakseien tas 6000s) 6ientee ke 48 31 
G-Mothyltoprnell. ...........cccscccccccccmseccecscosssoees 34 54 
EE vaca op cen daasucakeabed dnnceghdeb vee ot 86 
III 5 5 cna cba debs vee buendeshbseadskdca bes 17 20 
INS si kebucsne cdvenbcders>00ccacasedssenceees 8 109 
Pde’ paeincchnderieecsatensustnnnétes acess 20 26 





TaBLe 3.—Thiouracil and Propylthiouracil in Body and Thyroid 








Dura- Total Drugs* Total 
tionof Ingested Drugin Weight of Drug in Thyroids ¢ 
Ingestion, by Three Carcass,t Thyroid, - A ~ 
Drug Days’ Rats, Mg. Mg. Mg. Total, Mg. Mg./100 Gm. 
co en 2 41 1.2 44.5 0.008 17.7 
1.3 
1.2 


31 2.5 41.9 0.01 23.8 
2.1 
2.5 


168.5 6.2 47.1 0.07 148.6 
7.6 
6.6 





to 


6-Propylthiouracil........ 


o 


IS Kénaesde bomese 


6Propylthiouracil........ 5 105 15.9 52.9 0.06 113.4 
11.2 
11.5 





* Given in the drinking water in the form of a 0.05 per cent solution. 
+t Each rat weighed approximately 130 Gm. 
t The thyroid glands were analyzed in groups of three; the carcasses were analyzed singly. 


ing the derivatives of this compound a good indication of the changes 
in concentration within the blood could be obtained with analyses of 
blood made immediately before a given dosage, thirty minutes thereafter 
and two hours after the drug was administered. These studies were 
made only after the patient had taken the specified drugs, listed in 
table 4, for more than three days. 
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It can be seen that the concentrations of 6-propylthiouracil were 
somewhat higher than those of thiouracil when more than 100 mg. 
daily was given; there were no essential differences with dosages less 
than this. When either drug was given in doses of only 50 mg., none 
of either compound was found immediately preceding or two hours 
after administration of the drug. These studies were made only after 
the patient had taken the specified drugs, listed in table 4, for more 
than three days. 

The patients receiving 6-cyclopropylthiouracil maintained a higher 
concentration in the blood than did the ones receiving either thiouracil or 
6-propylthiouracil. The content of 6-methylthiouracil and thiothymine 
(5-methylthiouracil) was less than that of the propyl derivatives. The 
concentration of ortho- phenylene-thiourea was greater than that of 
any of the others tested, in spite of the fact that the — of this 
compound from blood was poor. 


TaBLe 5.—Distribution of Thiouracils in Blood 








Mg. per 100 Ce. of Blood 





Daily — 
Dosage, Whole Blood Hematocrit 
Drug Mg. Blood Plasma Cells Reading 
cet anda aacies «4ssanetae 1,000 2.3 0.3 2.0 29 
nb chiinsbeenssewisaenkutvaned 150 0.4 0.0 0.3 42 
6-Propylthiouracil..................6. 600 1.8 0.4 1.3 35.5 
6-Propylthiouracil...............-+... 150 1.0 0.3 0.6 36 
6-Cyclopropylthiouracil............... 150 14 0.3 1.0 45 





The distribution of 6-propylthiouracil and 6-cyclopropylthiouracil 
resembles that of thiouracil in that most of the drug exists in the blood 
cells, as seen in table 5. 

Thiouracil in the Tissues of a Patient with Thyrotoxicosis—In a 
previous report values were given for the concentration of thiouracil in 
essentially all the tissues and fluids of the body, but these specimens 
were taken chiefly from patients who had been sick for several days 
preceding death. Recently, however, we were afforded an opportunity 
to examine the tissues of a patient who had been treated with thiouracil 
for thyrotoxicosis but who died instantly. According to a résumé 
which was kindly supplied by Dr. Ruth Towne, the patient was a Negro 
woman, aged 26, with a history of thyrotoxicosis for a period of eleven 
months. She presented the picture of fairly severe exophthalmic goiter. 
The only unusual feature about the case was that occasionally she had 
complete heart block, with a pulse rate of about 40 beats per minute. 
She was treated with strong solution of iodine U. S. P. for nineteen 
days, after which she had no antithyroid treatment for seven days, and 
then she was given 0.1 Gm. of thiouracil three times daily. Although 
she improved under this treatment, she was still somewhat thyrotoxic 
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until death. After receiving treatment with thiouracil for eleven days, 
she died instantly in association with panic provoked by her baby’s 
attempt to crawl out of a window. Since the autopsy was not per- 
formed until about eighteen hours after death, there was an oppor- 
tunity for some of the thiouracil to be broken down. 

The tissues containing the largest concentrations of thiouracil were 
adrenal, ovary, spleen and liver, as shown in table 6. All these tissues 


TABLE 6.—Thiouracil in Tissues and Fluids of a Subject with Thyrotoxicosis 
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TABLE 7.—Thiouracils in Urine 
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Thiouracil 
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A ee 3 ~ 3 6 3 3 
6-Methylthiouracil 
Average mg./day.......... ig ba Pe ox a 106 92 
ee Serre aa ae ws os és 4 7 
Thiothymine ; 
Average mg./day.......... Ais : ue 19 27 67 
ares isecsedess eee os es rf 2 5 20 





had a greater concentration of the drug than did the blood. No thiou- 
racil was found in the skin, breast, muscle, heart, lymph nodes or bile. 

Amount of Thiouracils in the Urine—After certain patients had 
been taking one of the thiouracils for more than three days, urine was 
collected for intervals of twenty-four hours, and the total amount of 
the drug was estimated. In general, about one third or less of the drug 
ingested was excreted in the urine. It can be seen in table 7 that 
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with the higher range of doses a relatively smaller amount of 6-propyl- 
thiouracil or thiothymine was excreted than was true of thicuracil or 
6-methylthiouracil: 

COMMENT 


The mechanism of action of the thiouracils is reasonably conceiv- 
able as being due either to (@) an inhibitory effect on the activity of 
an oxidase in the thyroid gland, thereby interfering with the release 
of free iodine which, in turn, is necessary for the iodination of tyrosine, 
or (b) to a reaction of the thiouracils with iodine to form a disulfide 
of thiouracil and an iodide salt or (c) to both of these phenomena. In 
view of these possibilities, the concentration of a thiouracil in the thyroid 
gland would seem to have a significant influence on the antithyroid 
activity of the compound. Consequently, the effectiveness would appear 
to be influenced by the rate of absorption, breakdown and excretion of 
the drug, as well as the affinity of the thyroid to hold it. Such factors 
as the capacity of the compound to react with iodine and combine with 
protein might also be of significance. Many of the factors just men- 
tioned probably are also concerned with the frequency and severity of 
toxic reactions to thiouracils. 

Although thiourea, thiouracil and related compounds have been 
shown to react with iodine “ and possibly by such a mechanism deprive 
the thyroid of iodine, the degree of antithyroid activity is not propor- 
tional to their reactivity with iodine when the latter is based on in vitro 
experiments. Moreover, in vivo there are a number of variable factors 
affecting this reaction. In the first place, in order for the reaction to 
occift the iodine must be in its free, or oxidized, form; thiouracil does 
not react with iodide. The iodine in the blood is presumably in the 
form of iodide, being changed to free iodine in the thyroid gland, pos- 
sibly by the action of an oxidase. If by chance the thiouracils com- 
pletely block the action of this enzyme, there would not seem to be a 
necessity for these drugs to react with iodine. By the inhibition of the 
oxidase activity, the production oi iodine from iodide would be antag- 
onized and there would conceivably be little free iodine for the thiouracil 
to react with. Miller and his assgeiates * found that 6-aminothiouracil 
was about as reactive with iodine as was thiouracil, yet the antithyroid 
activity of the latter was a thousand times as great. This observation 
can be interpreted as an indication that the activity of the compounds 
is more dependent on their inhibitory effect on oxidase activity than 
on the capacity to react with iodine. As a test for this hypothesis, the 
capacity of 6-aminothiouracil and thiouracil to inhibit the action of 
horseradish peroxidase was studied in this laboratory, a modification 


11. Miller, W. H.; Roblin, R. O., Jr., and Astwood, E. B.: Studies in Chemo- 
therapy: XI. Oxidation of 2-Thiouracil and Related Compounds by Iodine, J. 
Am. Chem.. Soc. 67:2201 (Dec.) 1945. 
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of the method of Bancroft and Elliott ** being used. The results indi- 
cated that both compounds cause partial inhibition of activity of this 
enzyme. ‘The applicability of these observations to enzymes of the 
thyroid gland is uncertain. 

Thiouracils combine with the proteins of the serum to varying 
degrees, but there does not seem to be any correlation of this reaction 
with the amount of antithyroid action. 

Of the thiouracils studied, the derivatives accumulated in the body 
in greater concentration than did thiouracil. Moreover, the derivatives 
had a stronger antithyroid action than did the parent substance, but 
the antithyroid activity of the various compounds was not proportional 
to their concentration in the body or in the thyroid gland. In this 
connection, it should be pointed out that in a study of many patients 
treated with thiouracil'* there was no proportionate relationship of 
the content of thiouracil in the thyroid gland to the clinical response 
of the thyrotoxicosis. Furthermore, the concentration of thiouracils 
in the blood has not been associated with the amount of action in the 
thyroid gland. Therefore, the degree to which the compounds are 
stored in the thyroid is not the all-important factor in the determina- 
tion of the amount of thyroid-inhibiting effect. Such factors as the 
intracellular distribution of the compound and the specific reactivity of 
the latter are doubtless of great signifiance. 


SUMMARY 


The method used for the determination of thiouracil has been suc- 
cessfully applied in the estimation of the rate of absorption, distribu- 
tion, destruction and ex¢retion of several of the most active antithyroid 
compounds. 

The rate of breakdown of thiouracil was more rapid than of. its 
derivatives with substituents in the 6-position: methyl, ethyl, propyl, 
butyl or amyl. These derivatives accumulated in the body and thyroid 
gland of rats in much greater quantities than did thiouracil. Derivatives 
with an odd number of carbon atoms accumulated in the body in greatest 
amounts, but the largest concentrations in the thyroid gland occurred 
with derivatives bearing an even number of carbon atoms, namely, ethyl 
and butyl. In the case of all the compounds tested the concentration 
in the thyroid was many times greater than that in the body. There 
was no definite correlation of the amount of drug in the thyroid with 
its antithyroid activity. : 


12. Bancroft, G., and Elliott, K. A. C.: The Distribution of Peroxidase in 
Animal Tissues, Biochem. J. 28:1911, 1934. 

13. Williams, R. H., and Clute, H. M.: Thiouracil in the Treatment of Thyro- 
toxicosis, J. A. M. A. 128:65 (May 12) 1945. 
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In patients receiving more than 100 mg. of 6-propylthiouracil daily 
the concentration of this compound in the blood was greater than that 
of thiouracil given in equivalent doses ; there was no essential difference 
when the daily dosage was less than 100 mg. When either drug was 
given in doses of 50 mg. once daily, only a small amount was found 
in the blood after thirty minutes and none after two hours. Patients 
treated with 6-cyclopropylthiouracil were found to have a higher con- 
centration in the blood than did those treated with 6-propylthiouracil 
or thiouracil. The concentration of ortho-phenylenethiourea was 
greater than that of the other compounds tested. Most of the 6-propyl- 
thiouracil and 6-cyclopropylthiouracil in the blood, like thiouracil, exists 
in the cells. 

In a patient treated with thiouracil who died instantly the amount 
of the drug was found to vary a great deal in the tissues and fluids. 
The greatest concentrations were in the adrenals, ovaries, spleen and 
liver. The concentration in the thyroid gland was similar to that in 


the blood. 
Roughly one third of the compounds was excreted in the urine. 











STREPTOBACILLUS MONILIFORMIS BACTEREMIA WITH 
MINOR CLINICAL MANIFESTATIONS 


BURTON LEVINE, M.D. 
AND 


W. HAROLD CIVIN, M.D. 
NEW YORK 


WO ETIOLOGIC agents for rat bite fever have been described *— 
Spirillum minus and Streptobacillus moniliformis. 

The clinical picture can be caused not only by the bites of rats and 
other animals * but by the ingestion of infectious material. The Haver- 
hill outbreak of 1926 illustrates the latter mode of infection. In 86 
cases reported by Place, Sutton and Willner * the disease was traced to 
the ingestion of unpasteurized milk and ice cream from a single source 
Parker and Hudson * isolated Str. moniliformis from the blood in 11 of 
these cases. In their review, Brown and Nunemaker *4 further stressed 
the frequency of Str. moniliformis as the etiologic agent in rat bite fever. 


Treatment of this disease, until recent years, was limited to the use 
of arsenicals, gold salts aud sulfonamide compounds. The last two have 
been of no value. The use of neoarsphenamine and oxophenarsine 
hydrochloride has given apparently satisfactory results in infections with 
S. minus but has been unsatisfactory in cases of infection with Str. 


From the Division of Bacteriology of the Laboratories and the First Medical 
Service, the Mount Sinai Hospital, New York. 

1. (a) Futaki, K.; Takaki, I.; Taniguchi, T., and Osumi, S.: Spirochaeta 
Morsus Muris: The Cause of Rat Bite Fever, J. Exper. Med. 25:33 (Jan.) 1917. 
(b) Bayne-Jones, S.: Rat Bite Fever in the U. S., Internat. Clin. 3:235 (Sept.) 
1931. (c) Litterer, W.: A New Species of Streptothrix Isolated from a Case 
of Rat Bite Fever, J. Tennessee M. A. 10:310 (Dec.) 1917. (d) Brown, T. McP., 
and Nunemaker, J. C.: Rat Bite Fever, Bull. Johns Hopkins Hosp. 70:201 
(March) 1942. 

2. Dick, G. F., and Tunnicliff, R.: A Streptothrix Isolated from the Blood 
of a Patient Bitten by a Weasel, J. Infect. Dis. 23:183 (Aug.) 1918. Mock, H. E., 
and Morrow, A. R.: Rat Bite Fever Transmitted by Cat Bite, Illinois M. J. 
61:67 (Jan.) 1932. 

3. Place, E. H.; Sutton, L. E., and Willner, O.: Erythema Arthriticum 
Epidemicum: Preliminary Report, Boston M. & S. J. 194:285 (Feb. 18) 1926. 
Place, E. H., and Sutton, L. E.: Erythema Arthriticum Epidemicum (Haverhill 
Fever), Arch. Int. Med. 54:649 (Nov.) 1934. 

4. Parker, F., Jr., and Hudson, N. P.: The Etiology of Haverhill Fever, 
Am. J. Path. 2:357 (Sept.) 1926. 
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moniliformis. In recent years penicillin has been used with good results, 
both clinically > and experimentally,® in infections with the latter organism. 

The case presented here is unusual in that the clinical picture was 
not the outstanding feature. Inasmuch. as symptoms were few, the 
observations of principal interest were bacteriologic. The diagnosis was 
made bacteriologically, and the results of treatment were determined in 


the same way. 
REPORT OF A CASE 


S. R., a 21 year old white man who worked in a nutrition laboratory, was 
admitted to the Mount Sinai Hospital on April 17, 1946 and gave the following 
history: One week before his admission his temperature rose to 103 F. He 
experienced severe throbbing frontal headaches and chilly sensations. These 
symptoms persisted for two days. He then became afebrile, and fleeting pains 
in the knees and elbows developed. There was no tenderness or swelling of these 
joints. On the fourth day prior to his admission mild sore throat developed. On 
the third day before his entrance into the hospital a blotchy, flat, reddish, non- 
pruritic rash appeared on both arms and hands; this disappeared twenty-four 
hours later. Two days before he was admitted there were intermittent stabbing 
pains in the flanks and back. 

On admission physical examination revealed that the patient was well developed, 
well nourished and moderately acutely ill. He complained of severe backache 
which was aggravated by motion. There was no tenderness in the costovertebral 
angle. The pharynx was slightly injected. Small, soft, nontender nodes were 
palpable in the axillary, inguinal and epitrochlear regions. The heart was of 
normal size, with a blowing systolic murmur over the apex. The liver and 
spleen were not palpable. The blood pressure was 114 systolic and 60 diastolic. 
The erythrocyte sedimentation rate was 2 mm. im one hour. The white blood 
cell count was 9,700, the differential count being normal. The hemoglobin content 
was 90 per cent, the temperature 100.2 F. and the pulse rate 100. The urine was 
normal. The Wassermann test elicited a negative reaction. 

On the third day after his admission to the hospital the patient’s temperature 
rose to 103.4 F., but neither the arthralgia nor the rash recurred. A blood culture 
incubated for seventy-two hours at a temperature of 37 C. revealed Str. monili- 
formis. By the sixth day after admission the temperature had fallen to normal 
and the patient was symptom free. He remained afebrile and asymptomatic there- 
after until his discharge five weeks later. 

After the organism had been identified, further questioning reveaied that for 
three weeks prior to his admission the patient had worked as a helper in a com- 
mercial nutrition laboratory, in which he had cared for white laboratory rats. 
Two weeks before admission and one week prior to the onset of symptoms he was 
nipped on the right middle finger by one of the rats, severely enough to draw 
blood. There was no local inflammatory reaction, and the patient soon forgot 
the incident. 


5. Wheeler, W. E.: Treatment of the Rat Bite Fevers with Penicillin, Am. J. 
Dis. Child. 69:215 (April) 1945. Porter, J. E., and Foster, T. A.: Rat-Bite 
Fever, J. Maine M. A. 37:93 (April) 1946. Watkins, C. G.: Ratbite Fever, 
J. Pediat. 28:429 (April) 1946. 

6. Heilman, F. R., and Herrell, W. E.: Penicillin in the Treatment of 
Experimental Infections with Spirillum Minus and Streptobacillus Moniliformis 
(Rat Bite Fever), Proc. Staff Meet., Mayo Clin. 19:257 (May 17) 1944, 
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A second blood culture, taken four days after the first, was sterile. Third 
and fourth cultures, taken five and ten days later respectively, when the patient 
was still. afebrile and asymptomatic, again yielded Str. moniliformis. 

The micro-organism was found susceptible to 0.2 Oxford units of penicillin 
per cubic centimeter, or ten times the amount for the standard H strain of 
Staphylococcus aureus. The susceptibility to streptomycin was 1.0 unit per cubic 
centimeter, or five times the amount for the standard SM strain of Staph. aureus. 
Because of the persistent bacteremia, despite an afebrile and asymptomatic course, 
penicillin therapy was instituted. The patient received 100,000 units intramus- 
cularly every three hours day and night for nineteen days. A blood level of 4 
units per cubic centimeter of serum was obtained thirty minutes after an injection 
of the drug. Two blood cultures made during treatment and two weekly cultures 
made after cessation of treatment were all sterile. The patient was discharged 
six weeks after admission, apparently cured. 


BACTERIOLOGY 


Cultivation of Str. Moniliformis—Blood cultures were of primary 
diagnostic importance in this case. The routine method for cultivation 
of blood currently employed in the department of bacteriology of this 
hospital was used. Twenty-three cubic centimeters of blood is drawn 
under sterile precatitions and divided as follows: Five cubic centimeters 
is added to each of the following: veal infusion broth enriched with 1 
per cent yeast extract; veal infusion broth with 2 per cent dextrose, 
and veal infusion broth with p-aminobenzoic acid (concentration, 0.001 
per cent). Three pour plates are made by adding 2 cc. of blood to each 
of two tubes containing dextrose agar and one tube with plain agar, 
pouring the mixture into sterile Petri dishes and a!lowing it to harden. 
The last 2 cc. of blood is added to a tube containing veal infusion broth in 
which there is a slice of liver, and the tube is sealed with petrolatum 
for anaerobiosis. These are all incubated at a temperature of 37 C. 
Twenty-four hours later transplants are made from each of the flasks to 
tubes containing 1 per cent dextrose broth and into tubes containing liver 
and sealed with petrolatum. This procedure is repeated daily with 
samples from each flask and tube examined microscopically, until the 
culture becomes positive, or for two weeks if it remains sterile. 

In the yeast and veal infusion and the 2 per cent dextrose and veal 
infusion the growth exhibited the typical “cotton ball” appearance at 
the bottom of the flasks. In the 1 per cent dextrose broth and in the 
tubes containing liver for anaerobiosis a granular growth adhered to the 
side of the containers. Spreads revealed the presence of extremely 
pleomorphic gram-negative organisms. There were some spiral and 
curved forms, but the most common variety was a long, slender filament 
with swelling at the end and at various points along the organism. 
These knobs were frequently gram-positive. 

The organism, after being identified as Str. moniliformis, was inocu- 
lated on blood plates, on 20 per cent serum agar plates and in 20 per cent 
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serum broth tubes. Cultures incubated at a temperature of 37 C. 
aerobically, anaerobically under nitrogen and under 5 per cent carbon 
dioxide tension all showed good growth in twenty-four hours. ° In the 
tubes there was typical granular growth adherent to the sides. The 
plates revealed small, moist, glassy, round, discrete colonies measuring 
about 0.5 mm. in diameter. There was no hemolysis on human blood 
plates. 

Spreads of twenty-four hour old cultures invariably showed the forms 
previously described. Spreads of forty-eight hour old cultures stained 
with Giemsa and Gram stains revealed less knobbing with a greater 
tendency to segmentation of the filament (i. e., the morphologic feature 

















Fig. 1—Twenty-four hour old culture of Str. moniliformis (2,500 x). Note 
the knobbing and segmentation of the organism. 


from which the name streptobacillus originated). The Gram stain also 
revealed a variability in the intensity of staining from light pink to red. 

Examination of a twenty-four hour old culture under the electron 
microscope showed that knobbing was produced by bulging of a large 
amount of dense material. Comparative studies with the electron micro- 
scope on other micro-organisms suggest that the bulging material may 
be nuclear in nature." The segmented forms seem to consist of smaller 
amounts of the dense (nuclear?) material, with clear cytoplasm between 
each segment and a continuous cellular membrane. 


7. Shwartzman, G.: Personal communication’ to the authors. 
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Agglutination Tests—Agglutination tests were done in order to 
establish further the identity of the organism isolated in this case. For 
these tests the Parker serum (sent to Dr. Gregory Shwartzman by Dr. 
Frederick Parker Jr. some months ago) was used. The titer against 
Str. moniliformis given by Dr. Parker was 1:1,280. This serum com- 
pletely agglutinated the strain isolated in this laboratory in a dilution of 
1: 880. A precipitin test with the use of Parker’s serum and the super- 
natant fluid from a seventy-two hour old culture of 20 per cent serum 
broth gave a negative reaction. 

An agglutination test made with a saline suspension of the organism 
and the patient’s serum obtained on the fourteenth day in hospital gave 

















Fig. 2—Seventy-two hour old culture of Str. moniliformis (2,500 x). The 
organism is shorter than those in the younger culture, but knobbing and segmen- 
tation are still present. 


a positive reaction in a dilution of 1: 1,024. The results of subsequent 
agglutination tests were inconclusive because of the pronounced self 
agglutination of the suspension. Because of this difficulty, a smooth 
antigen was prepared by treating a twenty-four hour old growth with 
solution of formaldehyde. This was done by adding 0.15 cc. of 4 per 
cent solution of formaldehyde to 7.5 cc. of a twenty-four hour old serum 
broth culture and incubating at a temperature of 37 C. for three days. 
A saline suspension of the organism was then prepared and solution of 
formaldehyde added again in a final concentration of 2.6 per cent. The 
various dilutions of serum were mixed with 0.25 cc. of undiluted antigen 
and incubated in a water bath at a temperature of 37 C. With this 
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technic, the agglutination test gave a positive reaction in serum dilution of 
1: 600. 

Inoculation of Animals.—Because of the rather mild clinical course, 
an attempt was made to study the pathogenicity of the strain of Str. 
moniliformis by inoculation of mice. 


Swiss Mice—Series I: Six mice received intraperitoneally 0.5 cc. of a saline 
suspension of the organism from a twenty-four hour old culture. Three were 
inoculated in the heel pad with 0.1 cc. of the suspension. One of the 6 animals 
inoculated intraperitoneally died in twenty-four hours. Cultures both of the heart’s 
blood and of peritoneal scrapings yielded Str. moniliformis. A second mouse 
died eleven days after inoculation. A culture of the heart’s blood revealed the 
streptobacillus. Peritoneal scrapings showed no organisms on direct spread or 
culture. The third mouse remained alive and well. It was killed after three 

















Fig. 3—Photographs of Str. moniliformis taken with the electron microscope 
(A, 9,400 x; B, 7,500 x) by Dr. Gregory Shwartzman. Note accumulation and 
bulging of dense (nuclear?) material to form knobs and segmentation. The con- 
tinuous cell membrane and clear cytoplasm between segments are also evident. 


weeks. Direct spreads and cultures of both the heart’s blood and peritoneal 
scrapings were sterile. The remaining 3 mice inoculated intraperitoneally were 
killed after two, four and six days in order to rule out the presence of latent 
bacteremia. Cultures of peritoneal scrapings and the heart’s blood were sterile 
in all 3. 

Within six days the 3 mice inoculated in the heel pad showed swelling, stiffness, 
redness and heat in the ankle and knee joints on the side of the injection. All 3 
mice died, 1 in eight days, 1 in eleven days and 1 in twelve days after inoculation. 
Microscopically, the affected joints showed partial destruction of the articular 
cartilage, with periostitis and perichondritis. The periarticular tissues showed 
acute and subacute inflammation and foci of necrosis. Necrotic tissue and inflam- 
matory cells were present in the joint space. A Gram stain of the tissue revealed 
streptobacilli. Heart’s blood of the first 2 that died yielded Str. moniliformis 
on culture. Direct spread and cultures of the blood from the third animal were 


sterile. 























LEVINE-CIVIN—RAT BITE FEVER 59 
Series II: In these tests on Swiss mice mucin was combined with a saline 
suspension of the organism in order to increase the invasiveness of the latter.® 
The mucin was prepared according to the method of Rake® and others® as 
follows: Fifteen grams of mucin was added to 3,000 cc. of distilled water and 
mixed for twenty minutes in an electric mixer. The resulting suspension was | 
autoclaved at 15 pounds of pressure for fifteen minutes. Five grams of dextrose 
was added to 10 cc. of distilled water and sterilized at 12 pounds of pressure for 
twenty minutes. Six cubic centimeters of the solution of dextrose was added to 
the mucin mixture. The fa was adjusted to 7.2 with dibasic sodium phosphate. 
Three mice were inoculated intraperitoneally with 1 cc. of a saline suspension 
of the organisms and 1 cc. of mucin. All 3 animals died within forty-eight: hours. 








204 ; 











Fig. 4.—L, pleuropneumonia-like colony (500 x). Note foamy periphery with 
characteristic wavy filaments, the “zooglia” of Brown and Nunemaker,14 


Culture of the heart blood revealed Str. moniliformis in all the mice. Peritoneal 
scrapings from 2 animals also contained the organism. A fourth mouse, serving 
as control, received intraperitoneally 1 cc. of mucin and 1 cc. of isotonic solution 
of sodium chloride. It remained alive and well. 


8. Miller, C. P.: Experimental Meningococcal Infection in Mice, Science 
78:340 (Oct. 13) 1933. Miller, C. P., and Castles, R.: Experimental Meningo- 
coccal Infection in Mouse, J. Infect. Dis. 58:263 (May-June) 1936. Cohen, S. M.: 
A .Study of the Virulence of Meningococcus Strains of the Protective Activity 
of Antimeningococcus Sera, J. Immunol. 30:203 (Feb.) 1936. 

9. Rake, G.: Enhancement of Pathogenicity of Human Typhoid Organisms 
by Mucin, Proc. Soc. Exper. Biol. & Med. 32:1523 (June) 1935. 
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These observations indicate the low pathogenicity of the strain of 
streptobacillus recovered. 


The Pleuropneumonia-like (L,) Form.—In order to obtain the 
L, forms of Klieneberger *° usually found in association with the strep- 
tobacillus, blocks were cut out of ninety-six hour old cultures of the 
streptobacillus on bloed agar plates. These blocks were inverted and 
pressed into fresh human blood agar plates. This procedure removes 
the loosely adherent surface colonies of the streptobacillus. Colonies 
of L, forms were then implanted by sliding the remnants of the block 
across the blood plates. 

The L, colonies were minute and adherent to the agar. Transplants 
were made onto 20 per cent serum agar plates. When growth appeared, 
blocks were cut out, placed on slides and stained with Wayson’s *' stain. 
Microscopically, the colony had a darkly stained center with a foamy 
periphery. Inspection by means of oil immersion revealed the edges 
to be made of numerous wavy filaments, the “zooglia” of Brown and 
Nunemaker.’4 

SUMMARY AND CONCLUSIONS 

A case of rat bite fever caused by Streptobacillus moniliformis is 
described. Initially, the clinical picture was typical, with’a history of a 
rat bite followed one week later by fever, fleeting arthralgia, a rash 
and no local inflammatory reaction to the bite. This picture, however, 
was only transitory, and cultures of the blood continued to reveal the 
organism after the fever and other symptoms disappeared. 

In vitro, the streptobacillus proved to be susceptible to penicillin and 
streptomycin. In vivo, penicillin was equally effective and promptly 
sterilized the blood stream. 

The method of taking blood cultures was described and discussed. 

Agglutination tests were performed to prove the identity of the 
organism and to determine the antibody titer in the serum of the patient. 

Although the number of experiments was small, inoculation of animals 
suggested variation in the pathogenicity of the streptobacillus. 

The L, form of Klieneberger was isolated. 


Miss Beatrice Toharsky assisted in this work. 


10. Klieneberger, E.: The Natural Occurrence of Pleuropneumonia-like 
Organism in Apparent Symbiosis with Streptobacillus Moniliformis and Other 
Bacteria, J. Path. & Bact. 40:93 (Jan.) 1935. 

11. Meyer, K. F.: The Newer Knowledge of Bacteriology and Immunology, 
Chicago, University of Chicago Press, 1928. 
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HE PREVENTION of permanent impairment of vision is the 

goal in the treatment of any infection of the eye. Accidental ocular 
infection with vaccinia occurs usually as a complication of prophylactic 
immunizaticn against smallpox. The eye may be inoculated by a trans- 
ference of virus from the site of vaccination or from another’s lesion 
or dressing. Rarely does infection occur as a laboratory accident in 
the course of the preparation or experimental use of the virus. The 
danger of ocular infection lies in involvement of the cornea, with subse- 
quent development of an opaque scar. 

Although millions of vaccinations are done yearly, the total num- 
ber of cases of ocular infection with vaccinia reported to date only 
slightly exceeds 200.1 Fortunately, the patient is usuaily partially 
immune at the time of inoculation of the eye. Infection of the lid 
and conjunctiva is relatively commoner than that of the cornea, and 
recovery is usually complete, with little residual scarring. Of 100 cases 
of ocular vaccinia reviewed in 1930, 27 involved: the cornea and 12 
resulted in the reduction of vision.? 

Therapy is not standardized. The beneficial results obtained from 
the use of roentgen therapy in an accidental ocular infection in a par- 


From the Department of Internal Medicine, Bowman Gray School of Medicine 
of Wake Forest College, and the North Carolina Baptist Hospital, Winston-Salem, 
N. C. 

1. Atkinson, W. S., and Scullard, G.: Vaccinia with Ocular Involvement, 
Arch. Ophth. 28:584 (March) 1940. 

2. Toulant, P.: Les complications oculaires de la vaccine, Paris méd. 2: 
190 (Sept.) 1930. . 
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tially immune human being suggested that irradiation might be a useful 
adjunct to other methods of treatment. 


REPORT OF A CASE 
A healthy 20 year old medical student was inoculated on the upper part of the 
left arm with smallpox vaccine by a combination of the multiple scratch and 
puncture technics. Ten small papules which appeared on the third day at the 

















Ocular vaccinia of five days’ duration, secondary to primary inoculation in the 
arm ten days previously. The insert is a close view of the lesions on the lid, taken 
the following day, before roentgen therapy was instituted. 


primary site of inoculation became vesicles by the fifth day. By the tenth day, 
one large umbilicated yellow pustule was present. 

On the fifth day following inoculation of the arm three small, discrete, non- 
painful but itching papules appeared along the margin of the right lower eyelid. 
On the tenth day swelling and redness of the eye rapidly developed, until the 
eye was partially closed by edema. 
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The patient recalled no contamination at the time of inoculation or subsequently. 
He had never had smallpox, cowpox or chickenpox, and a single previous attempt 
at vaccination for smallpox nine years previously had not been successful. 

When the patient was admitted to the hospital on the tenth day, the tem- 
perature was 102.6 F., and he appeared acutely ill. The entire right side of the 
face was red and edematous. Along the margin of the lower eyelid there were 
three umbilicated, yellow, encrusted vesicles, each 3 mm. in diameter. The con- 
junctiva was red; no involvement. of the cornea was seen. The pustule on the 
lateral aspect of the left arm was surrounded by diffuse mild erythema and was 
less edematous than the eye. The accompanying photograph illustrates both 
lesions. 

Cold boric acid compresses were applied, and packs of 20 per cent mild silver 
protein were placed between the lids. Two grams of sulfathiazole was given in 
a single dose. On the morning after the patient’s admission to the hospital, the 
swelling and redness had increased and contact lesions were present along the 
margin of the upper lid. Roentgen therapy was given to the right eye on the morn- 
ing of the second, third and fourth days in the hospital, 22 r per minute 
being given for four minutes on the first day and for three minutues each succeed- 
ing day. A total of 220 r in air was given at 120 kilovolts and 5 milliamperes, 
with a 2 mm. aluminum filter, at a distance of 30 cm. over a field of 10 by 10 
cm. The half value layer equaled 3.60 mm. of aluminum. 

The swelling and redness began to subside rapidly on the second day of roent- 
gen therapy. Two days after the final treatment the lesion on the eye had 
almost disappeared. The patient was discharged on the eighth day in the hospital, 
(eighteenth postvaccinal day) with an encrusted lesion on the arm, slight edema 
and redness of the right eye and no impairment of vision. Recovery of the eye 
was complete. 

Although acute vaccinial blepharoconjunctivitis characteristically 
subsides rapidly, improvement did not begin in this case until the initi- 
ation of roentgen therapy. <A series of experiments on rabbits were 
undertaken in an effort to determine the value of this addition to the 
treatment and the optimum time for roentgen therapy in such cases ; 


they are being reported separately.* 


COMMENT 


Vaccinial infection occurs when active virus meets a susceptible cell 
and becomes established intracellularly. Infection. may be prevented 
or treated by measures designed (1) to inactivate the virus, (2) to alter 
the host cell and (3) to hinder the spread of the virus through tissue. 
The mechanism by which roentgen therapy may act is not clearly known. 


The Value of Roentgen Therapy.—The experiments being reported 
elsewhere indicate that roentgen therapy for primary or secondary 
vaccinial infection of the eye diminishes the residual corneal opacities 
and hastens regression of the acute lesions. The optimum time for 


3. Harrell, G. T.; Reid, C. H.; Little, J. M.; Mankin, J. W.; Pittman, H. 
W.; Holt, L. B., and Morris, L. M.: The Effect of Roentgen Therapy on Experi- 
mental Ocular Vaccinia in Non-Immune and Partially Immune Rabbits, to be 
published. 
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therapy would appear to be between the appearance of the lesion and 
the time it reaches its height. Treatment given early, as soon as inocu- 
lation is suspected, delays the appearance but does not prevent the full 
development of the lesion. If combined with local instillations of 
immune serum—which will be discussed further in following paragraphs 
—this delay in the development of a primary lesion might prevent 
disabling infection. The delay is probably not due to a direct action of 
roentgen rays on the virus. Experiments in vitro have shown that 
roentgen irradiation will reduce the infectivity of vaccinial lymph, but 
the dosage required is extremely high and would nct be tolerated by 
the eye.* Under the conditions of the experiments, roentgen therapy 
was not harmful to the eye. 

Experimental evidence indicates that roentgen as well as other 
forms of irradiation is effective in the reduction of the extent of vac- 
cinial lesions in the skin of rabbits.° It is possible that radiation therapy 
acts by diminishing the rate of spread of the virus through tissue. 

It is not proposed that irradiation should supplant other forms of 
therapy for ocular vaccinia but that it be used as an adjunct. Comparison 
of the effectiveness of roentgen therapy used alone and roentgen therapy 
combined with other types of treatment is difficult, because so few cases 
have been recorded in detail in the literature and so many combinations 
of therapy have been used. 

The Role of Partial Immunity—Immunity is an important factor in 
the prevention of disabling loss of vision following vagcinial infections, 
regardless of the form of therapy used. The ocular vaccinial infections 
observed in human beings usually are secondary to inoculation of the 
skin; hence secondary ocular infections are of greatest importance 
clinically. The secondary lesions of the cornea observed in experi- 
mental animals were less severe and resulted in less opacity than the 
primary corneal lesions whether roentgen therapy of the eye was used 
or not. We attribute this finding to the partial immunity of the cornea, 
which should have developed in the interim. 

The Use of Serum: Immunity to vaccinia has been shown to be 
humoral as well as fixed tissue in type. It would therefore seem logical 
to instil immune serum locally in the conjunctival sac immediately after 
contamination and early in the course of the infection, in order to inacti- 
vate the virus before it has parasitized the cells of the eye. Convalescent 


4. Gowen, J. W., and Lucas, A. M.: Reaction of Variola Vaccine Virus to 
Roentgen Rays, Science 90:621 (Dec. 29) 1939. 

5. (a) Le Févre de Arric, M.: Action empéchante des rayons X sur la 
vaccine expérimentale de lapin, Compt. rend. Soc. de biol. 96:208 (Jan. 28) 1927. 
(b) Rivers, T. M.; Stevens, H., and Gates, F. L.: Ultra-Violet Light and Vaccine 
Virus: I. The Reaction of Irradiated Skin to Vaccine Virus, J. Exper. Med. 
47:37 (Jan.) 1928. 
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human serum has been found to be a potent antiserum.*° The parenteral 
administration of convalescent or hyperimmune serum to increase general 
humoral immunity after the infection is established has not been 
efficacious, though it is useful in other viral infections, such as measles. 
Parenterally administered immune serum will prevent vaccinial infection 
when given prophylactically to animals before inoculation; this measure 
has little practical application in ocular infections, however.” 

The Use of Secondary Inoculation: The less severe lesions observed 
in animals which received secondary inoculation of the skin after the 
appearance of signs of primary infection in the eye suggest the value 
of this procedure in cases in which contamination of the human eye is 
suspected. General systemic immunity apparently develops slowly or 
incompletely after inoculation of immunizing antigens into the eye, 
while immunity has been shown to develop quickly after inoculation of 
the skin with vaccinia virus. It is possible that best results would be 
obtained by giving roentgen therapy and secondary vaccination of the 
skin simultaneously, soon after inoculation of the eye, but this variation 
was not tried experimentally. The use of secondary inoculation with 
vaccinia virus would be comparable in some respects to the prophylactic 
inoculation of patients thought to be infected with rabies virus. In 
that case immunity which develops as a result of systemic inoculation 
prevents the infection from becoming established in a portion of the 
body—the central nervous system—which itself participates poorly in 
immunity. Of course, the period of incubation is much shorter in 
vaccinia than it is in rabies. 

Other Modes of Therapy.—Attack on the Virus: Ultraviolet rays 
and supersonic vibrations have been used in an attempt to inactivate the 
vaccinia virus or alter its virulence.® Ultraviolet irradiation has less 
penetrating power than roentgen rays and would theoretically be less 
effective in tissue infection. Methods which are effective in vitro 
might not be tolerated by living tissues and hence may not be applicable 
to the treatment of patients. The optimum temperature for growth of 


6. Greengard, J., and Wolf, A. M.: Modification of Smallpox Vaccination 
in Susceptible Infants: Use of Convalescent Serum, Am. J. Dis. Child. 59:76 
(Jan.) 1940. 

7. Andrews, C. H.: The Action of Immune Serum on Vaccinia and Virus 
III in Vitro, J. Path. & Bact. 31:671 (Oct.) 1928. 

8. Blattner, R. J.; Heys, F. M., and Gollub, S. W.: Antibody-Response to 
Cutaneous Inoculation with Vaccinial Virus in Human Subjects, Utilizing the 
Egg-Protection Technic: I. Serum-Virus Neutralization; II. Protection by Pas- 
sive Transfer, J. Immunol. 46:207 (April) 1943. Footnote 2. 

9. Rivers, T. M., and Gates, F. L.: Ultra-Violet Light and Vaccine Virus: 
II. The Effect of Monochromatic Ultra-Violet Light upon Vaccine Virus, J. 
Exper. Med. 47:45 (Jan.) 1928. Rivers, T. M.; Smadel, J. E., and Chambers, 
L. A.: Effect of Intense Sonic Vibrations on Elementary Bodies of Vaccinia, 
J. Exper. Med. 65:677 (May) 1937. 
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the vaccinia virus in tissue culture has been shown to be 34 to 35 C. 
(93.2 to 95 F.); therefore, application by any means of as much local 
heat as the eye can tolerate would be indicated, regardless of other 
types of therapy.’° 

Since the vaccinia virus is an obligate intracellular parasite, any 
chemotherapeutic agent to be most effective would have to attack the 
virus before cells have become parasitized. Many such agents do not 
pass across cell membranes readily. Systemic administration of sulfon- 
amide compounds have proved useless in the treatment of accidental or 
experimental vaccinial infections.’* Penicillin given systemically has 
been shown to be ineffective against viruses except those of large size; 
the vaccinia virus is moderately large, but experiments in animals have 
shown no beneficial effect from the use of penicillin.’* In vitro studies 
of local antiseptics have shown them to have little virucidal power except 
in concentrations too great for use in vivo.** Alteration in vitro of the 
hydrogen ion concentration has been shown to inactivate the virus; a 
slight increase is more effective than a comparable decrease.’* The use 
of weak acids for irrigation or compresses would be indicated early but 
probably would be useless after the infection is established. Oxidizing 
agents have also been tested in vitro, but in concentrations which can 
be used clinically the agents must be locally applied for periods of an hour 
or more.’ ~Relatively small amounts of ascorbic acid, which probably 
acts as an oxidizing agent, have been shown to inactivate in vitro many 
times the infective dose of the vaccinia virus.*® 

Alteration of the Cell: Since viruses do not reproduce in the absence 
of living tissue, they are probably dependent on parasitized cells for 
factors essential to nutrition and respiration. It has been shown that 
rabbits in a poor state of nutrition are more resistant to virus infections 


10. Thompson, R. L., and Coates, M. S.: The Effect of Temperature upon 
the Growth and Survival of Myxoma, Herpes, and Vaccinia Viruses in Tissue 
Culture, J. Infect. Dis. 71:83 (July) 1942. 

11. Kolmer, J. A., and Brown, H.: Failure of Sulfanilamide in Treatment 
of Experimental Vaccinia Rabbits, Proc. Soc. Exper. Biol. & Med. 48:138 
(Oct.) 1941. 

12. Andrews, C. H.; King, H., and’ van den Ende, M.: Chemotherapeutic 
Experiments with the Viruses of Influenza A, Lympho-Granuloma Venereum and 
Vaccinia, J. Path. & Bact. 55:173 (April) 1943. 

13. Dunham, W. B., and MacNeal, W. J.: Inactivation of Vaccinia Virus 
by Mild Antiseptics, J. Lab. & Clin. Med. 28:947 (May) 1943. 

14. Hale, J. M.: A Study of the pa Stability of Vaccinia Virus, Yale J. Biol. 
&. Med. 15:241 (Dec.) 1942. 

15. Gordon, M. H.: Studies of the Viruses of Vaccinia and Variola, Medical 
Research Council, Special Report Series, no. 98, London, His Majesty’s Stationery 
Office, 1925. 

16. Kligler, I. J., and Bernkopf, H.: Inactivation of Vaccinia Virus by Ascorbic 
Acid and Glutathione, Nature, London 139:965 (June 5) 1937. 
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than are rabbits in a good state of nutrition.’ On the other hand, the 
systemic administration of ascorbic acid, methionine, choline and, to a 
less extent, betaine—the last three of which contain the biologically labile 
methyl group—inhibits dermal infection with vaccinia in the rabbit.’® 
It would therefore seem advisable to administer vitamin C and a natural 
source of the whole vitamin B complex, which would contain the afore- 
mentioned substances. The effect of immunity on the entrance of virus 
into cells is discussed previously. 

Irradiation several days before inoculation with the virus has been 
reported to decrease the severity of dermal vaccinia.** On the other hand, 
damage of tissue from any physical agent immediately previous to 
inoculation may increase the extent of the lesion. In the absence of 
trauma the cornea appears to be naturally more resistant to vaccinia 
than other parts of the eye. Any mechanical procedure or drug which 
might cause even the most minute damage should be avoided. 


Prevention of Spread Through Tissue-——Complete hydration of inter- 
stitial spaces apparently inhibits the spread of the virus.’® Since altera- 
tions in the intake of fluids have little effect on intracellular fluid, fluids 
should be forced. It has also been shown that the administration of 
estrogens will inhibit the spread of dermal vaccinia in rabbits.2° The 
value of estrogenic therapy in ocular infection in human beings or in 
animals has not been determined. It is possible that roentgen therapy 


in the dosages employed may be effective in the localization of the virus. 


and the delay of its entrance into the cells. 


SUMMARY 

An accidental human ocular infection with vaccinia virus, secondary 
to inoculation of the arm, was treated with roentgen therapy, without 
the development of residual scarring. 

Partial immunity produced by inoculation of the skin helps to protect 
the cornea from permanent damage by vaccinial infection. 

Other methods of therapy may help to inactivate the virus, alter its 
virulence, increase the resistance of the host cell or inhibit the spread 
of virus through tissue. 


17. Sprunt, D. H.: The Effect of Undernourishment on the Susceptibility 
of the Rabbit to Infection with Vaccinia, J. Exper. Med. 75:297 (March) 1942. 

18. Sprunt, D. H.: Inhibiting Effect of Methionine, Choline and Betaine 
on Rabbit’s Susceptibility to Infection with Vaccinia, Proc. Soc. Exper. Biol. & 
Med. 51:226 (Nov.) 1942. 

19, Taylor, H. M., and Sprunt, D. H.: Increased Resistance to Viral Infection 
as a Result of Increased Fluid in Tissues, J. Exper. Med. 78:91 (Aug.) 1943. 

20. Sprunt, D. H.: The Effect of the Female Sex Hormones on Infection 
and Inflammations, South. M. J. $34:288 (March) 1941. 
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EFFECT OF AMINO ACIDS ON THE FUNCTION OF THE 
MUSCLES OF PATIENTS WITH MYASTHENIA GRAVIS 


CLARA TORDA, M.D. 
AND 
HAROLD G. WOLFF, M.D. 
NEW YORK 


CCORDING to a recently presented concept,’ much of the sympto- 
matology in patients with myasthenia gravis can be explained by a 
decreased acetylcholine synthesis. Amino acids? and proteins* were 
found to increase the acetylcholine synthesis in vitro. It seemed reason- 
able, therefore, to investigate the effect of the infusion of amino acids on 
patients with myasthenia gravis. 


METHOD 


Records of muscle action potential were taken from healthy subjects and from 
patients with myasthenia gravis by the following method: The forearm was 
firmly fixed in the supine position onto a padded board by means of broad strips 
placed across the arm near the elbow and the wrist. Of the two silver recording 
electrodes (0.5 sq. cm.), one was fixed with adhesive tape to the skin over the 
ventral surface of ‘the first phalanx of the fifth finger and the other over the 
surface of the hypothenar eminence at a distance of about 5 cm. from the first 
electrode. The electrodes were connected to the grid input terminals of a differ- 
ential amplifier feeding into an oscilloscope. A ground electrode was placed on 
the forearm. The stimulating electrodes consisted of two metal plates, the larger 
being affixed to the skin over the triceps muscle and the smaller, a movable 
electrode 0.5 cm. in diameter, being pressed firmly against the skin over the 
ulnar nerve just above the elbow. Good contact was established by the use of 
electrode jelly over the skin, which was partially deprived of its epidermis by 
superficial scratching. Ten stimuli, each of one hundred microseconds’ duration 
and of “supramaximal intensity,” were used. The sweep circuit of the oscilloscope 
was synchronized with the stimulator so that successive stimuli and muscle action 
potentials were superimposed on the screen of the cathode ray tube. Ten con- 


This study was aided by a grant from the John and Mary R. Markle Founda- 
tion. 

From the New York Hospital and the Department of Medicine (Neurology) 
and Psychiatry, Cornell University Medical College. 

1. Torda, C., ane Wolff, H. G.: Science 98:224, 1943. Torda, C., and 
Wolff, H. G.: J. Clin. Investigation 23:649, 1944. Torda, C., and Wolff, H. G.: 
Science 100:200, 1944. 

2. Torda, C., and Wolff, H. G.: Proc. Soc. Exper. Biol. & Med. 69:181, 1945. 

3. Torda, C., and Wolff, H. G.: Federation Proc. 5:106, 1946. 


68 

















69 





TORDA-WOLFF—MYASTHENIA GRAVIS 
secutive stimuli at a frequency of ten per second and the accompanying muscle 
action potentials were superimposed and photographically recorded from the 
screen of the cathode ray tube. 

Measurements of muscle action potential were made for ten days every second 
day in the afternoon two hours after the administration of 22.5 mg. of neostigmine 
bromide. Afterward amino acids were given intravenously on six consecutive 
days in the form of amigen.* One liter of a 5 per cent amigen solution con- 
taining 5 per cent dextrose was infused into the patient. Action potential records 
were taken one hour after the end of infusion of the amino acids. 


MATERIAL 


The effect of amino acids was studied in 5 patients with myasthenia 
gravis. The results obtained from 1 patient are presented in detail. 


Patient G., a 42 year old woman, had had myasthenia gravis for seven years. 
In May 1946 she could not walk or stand and had pronounced ptosis of the left 
eyelid, and her extraocular movements were limited in all directions. She had 
profound weakness of the palate, tongue and muscles of deglutition. She couid 
not raise her head from the pillow or her arms from the bed a distance of 20 cm. 
She could pat the bed with her hands only five or six times. She could not rise 
from a lying to a sitting position and was able to turn over in bed only with 
maximum effort. She could not raise her legs in a kicklike motion off the bed. She 
received 180 mg. of neostigmine bromide a day distributed over the waking hours and 
taken at two hour intervals. In these circumstances she was able to leave her 
bed for an armchair for her meals (total time not exceeding two hours daily). 
When neostigmine bromide was withheld longer than two hours she experienced 
extreme weakness, manifesting itself by the inability to swallow (even water) 
and by difficulty in breathing. Therefore, during the control period it was neces- 
sary to record the muscle action potentials of this patient two hours after admin- 
istration of neostigmine bromide. 


RESULTS 


A short series of action potential records from healthy subjects is 
contained in figure 1. These records show that in healthy subjects the 
amplitude of the muscle action potential is maintained during electrical 
stimulation of the motor nerve at a frequency of ten pulses per second. 

Figure 2 represents a series of action potential records of patient G 
taken during the control period. The first stimulus applied to the 


4. Amigen is a pancreatic digest of casein containing amino acids and poly- 
peptides (Mead Johnson and Company). The calculated content of the essential 
amino acids in amigen are: methionine, 3 per cent; arginine, 5.5 per cent; 
histidine, 2 per cent; lysine, 5.8 per cent; tryptophane, 1 per cent; phenylalanine, 
5.6 per cent; threonine, 4.5 per cent; valine, 5 per cent; leucine, 13.5 per cent, 
and isoleucine, 4.8 per cent. Chemical analysis of amigen shows the composition 
to be as follows: total nitrogen, 12 per cent; potential amino nitrogen, 10.5 per cent, 
and actual amino nitrogen, 7.8 per cent. The approximate mineral composition ot 
amigen is as follows: sodium, 1.5 per cent; phosphorus, 0.9 per cent; sulfur, 0.6 
per cent; calcium, 0.1 per cent; potassium, 0.3 per cent; magnesium, 0.05 per cent; 
iron, 0.02 per cent, and copper, 0.002 per cent. 
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ulnar nerve was followed by the largest action potential, and a drop in 
the amplitude of the action potential was observed during continuation 
of the stimulation of the ulnar nerve. There was a considerable daily 
variation in the drop in the amplitude of the muscle action potential 
occurring between the first and the maintained amplitude. Figure 2 A 
shows slightly more than a 50 per cent drop and figure 2B nearly a 
100 per cent drop; figure 2 C, taken half an hour after administration of 
22.5 mg. of neostigmine bromide following the record in figure 2 B, 
shows less than a 90 per cent decrease of the amplitude of the action 
potential ; figure 2D shows approximately a 55 per cent decrease, and 
figure 2 E nearly an 83 per cent decrease. 





Fig. 1.—Records of the muscle action potential of 5 healthy subjects. 


Figure 3 shows records taken one hour after infusion of amino acids 
on the third, fifth and sixth days of infusion. On the third and fifth 
days records of muscle action potential were taken three hours after the 
administration of the usual amount of neostigmine bromide (i. e., 
22.5 mg.) and on the sixth day four and a half hours after the adminis- 
tration of neostigmine bromide. (Because of the amino acids, the 
patient was able to postpone the taking of neostigmine bromide.) 
These records show a maintenance of the amplitude of the action potential 
at the same level during the stimulation of the motor nerve. They 
resemble the records of muscle action potential of healthy subjects 
(fig. 1). The patient stated that she felt stronger, and she walked 


without help. 
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Measurements of muscle action potential of 4 less severely ill patients 
with myasthenia gravis were taken under the conditions just described. 
The patients showed a less pronounced decrease in the amplitude of 
muscle action potential during the control period. The infusion of 
amino acids in these patients resulted in an improvement in muscle func- 
tion, manifesting itself in an increased performance of work and decreased 
daily requirements of neostigmine bromide during the period of adminis- 
tration of amino acids. 

COMMENT 


The foregoing results suggest that infusion of amino acids may 
augment the muscle action potential and improve the function of the 





Fig. 2.—Records of the muscle action potential of patient G with myasthenia 
gravis (control period). A, third day after admission to the hospital and two 
hours after administration of neostigmine bromide; B, fifth day after admission, 
two hours after administration of neostigmine bromide; C, fifth day after admission, 
half an hour after administration of neostigmine bromide (half an hour after 2B 
was taken); D, seventh day after admission, two hours after administration of 
neostigmine bromide; £, ninth day after admission, two hours after administration 
of neostigmine bromide. 


muscles in patients with myasthenia gravis. General inferences may not 
be drawn from these results because of our inability to find a greater 
number of patients suitable for (ese particular electromyographic 
studies. ‘# 

The mechanism of action of amino acids on muscle function in the 
aforementioned experiments is not yet established. Perhaps it is justi- 
fiable to point out that the described effect of the amino acids on the 
action potential may implicate several entirely different processes, 
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e. g., (1) supplying an essential amino acid to muscle or nerve, (2) 
augmenting some not yet identified enzymatic process and (3) increas- 
ing acetylcholine synthesis in a specific or nonspecific way. The last 
concept seems to us the most attractive for the following reasons: (a) 
It has been demonstrated that in patients with myasthenia gravis,’ 
there is a defect in acetylcholine synthesis. (6) Amino acids were found 
to increase acetylcholine synthesis in vitro.2 (c) The known decline of 
_the amplitude of muscle action potential during prolonged stimulation 

of the motor nerve in patients with myasthenia gravis may be tempo- 
rarily prevented by the administration of acetylcholine and neostigmine 





Fig. 3.—Records of muscle action potential of patient G with myasthenia 
gravis after administration of amino acids. A, records taken after the third daily 
infusion of amino acids, three hours after neostigmine bromide was administered ; 
B, records taken after the fifth daily infusion of amino acids, three hours after 
neostigmine bromide was administered. C, records taken after the sixth daily 
infusion of amino acids, four and a half hours after neostigmine bromide was 
administered. 


bromide.’ (d) An improvement in muscle function and muscle action 
potential followed the infusion of amino acids in the experiments pre- 
sented here. It is, therefore, possible that the improvement in muscle 
action potential noted is referable to increased acetylcholine synthesis 
due to the administration of amino acids. 

No therapeutic implications are justifiable from these preliminary 
experiments. 


5. Harvey, A. M., and Lilienthal, J. L., Jr.: Bull. Johns Hopkins Hosp. 
69:566, 1941. 
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SUMMARY 


The effect of infusion of amino acids on patients with myasthenia 
gravis was studied. The known decline of the amplitude of muscle 
action potential following prolonged indirect stimulation was prevented 
by infusion of amino acids. 

Dr. Charles Berry, Department of Anatomy, Cornell University Medical 


College, took all records with the differential amplifier and associated equipment 
of his design and construction. 


525 East Sixty-Eighth Street. 








INCREASED CATABOLISM FOLLOWING ACUTE 
MYOCARDIAL INFARCTION 


M. D. ALTSCHULE, M.D. 
AND 


F. M. ROSENFELD, A.B. 
BOSTON 


T IS well known that a disturbance of carbohydrate metabolism 

characterized by hyperglycemia and, at times, glycosuria may occur 
after myocardial infarction. Less generally recognized is the appearance 
of creatinuria in patients with the latter disorder.1 These phenomena 
suggest the occurrence of changes in metabolism after myocardial infarc- 
tion which resemble those described in other conditions of stress or 
damage, such as trauma,? burns,’ exposure to cold* and infection.* 


From the Medical Service and Medical Research Laboratories, Beth Israel 
Hospital, and the Department of Medicine, Harvard Medical School. 

1. Herrmann, G., and Decherd, G.: Creative Mobilization in Myocardial 
Damage, Proc. Soc. Exper. Biol. & Med. 32:477, 1934. 

2. (a) Cuthbertson, D. P.: The Distribution of Nitrogen and Sulphur in 
the Urine During Conditions of Increased Catabolism, Biochem. J. 25:236, 1931; 
(b) Observations on the Disturbance of Metabolism Produced by Injury to the 
Limbs, Quart. J. Med. 1:233, 1932; (c) Further Observations on the Disturbance 
of Metaboljsm Caused by Injury, with Particular Reference to the Dietary 
Requirements of Fracture Cases, Brit. J. Surg. 23:505, 1935. (d) Elman, R.: 
Parenteral Replacement of Protein with the Amino-Acids of Hydrolyzed Casein, 
Ann. Surg. 112:594, 1940. (e) Browne, J. S. L.; Schenker, V., and Stevenson, 
J. A. F.: Some Metabolic Aspects of Damage and Convalescence, J. Clin. Investi- 
gation 23:932 1944. (f) Howard, J. D.; Parson, W.; Stein, K. E.; Eisenberg, 
H., and Reidt, V.: Studies on Fracture Convalescence: I. Nitrogen Metabolism 
After Fracture and Skeletal Operations in Healthy Males, Bull. Johns Hopkins 
Hosp. 75:156, 1944. (g) Howard, J. E.; Winternitz, J.; Parson, W.; Bigham, 
R. S., Jr., and Eisenberg, H.: Studies on Fracture Convalescence: II. The 
Influence of Diet on Post-Traumatic Nitrogen Deficit Exhibited by Fracture 
Patients, ibid. 75:209, 1944. 

3. Lucido, J.: Metabolic and Blood Chemical Changes in a Severe Burn: 
Case Report, Ann. Surg. 111:640, 1940. Taylor, F. H. L.; Levenson, S. M.; 
Davidson, C. S., and Adams, M. A.: Abnormal Nitrogen Metabolism in Patients 
with Thermal Burns, New England J. Med. 229:855, 1943. Clark, E. J., and 
Rossiter, R. J.: Carbohydrate Metabolism After Burning, Quart. J. Exper. 
Physiol. 32:279, 1944. Levenson, S. M.; Davidson, C. S.; Lund, C. C., and 
Taylor, F. H. L.: The Nutrition of Patients with Thermal Burns, Surg., Gynec. 
& Obst. 80:449, 1945. Footnote 2. 


(Footnotes continued on next page) 
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Indeed, a recent study by Davidson and others *» records the occurrence 
of striking changes in intermediary metabolism in a patient in shock 
after myocardial infarction. The last-named authors *” stressed the role 
of shock as the factor responsible for the changes observed, but in view 
of the fact that similar changes have been described in patients not in 
shock with infection or after trauma,® it seemed important to study 
patients with myocardial infarction who were not in a state of collapse. 


MATERIAL AND METHODS 


Three men, respectively 44, 59 and 52 years old, were studied. The diagnosis 
of myocardial infarction was made in each instance on the basis of the history of 
typical crushing precordial pain lasting several hours, associated with weakness 
and sweating and followed by the development of moderate fever for a few days, 
leukocytosis, accelerated sedimentation of the red blood cells and characteristic 
changes in the electrocardiogram. None had a history of diabetes or of overt 
renal disease; 1 of them (case 2) had had two similar episodes, the last eleven 
months previously. After the subsidence of the pain, pronounced sweating did 
not occur and dyspnea and hypotension were not found. Observations were begun 
within a few hours after the admission of the patients to the hospital. They 
ingested a balanced diet containing 65 to 100 Gm. of protein and 1,400 to 2,100 
calories per day. It was necessary to encourage them to maintain their intake 
of food at this level during the period of study. Two other men, aged 42 and 
58 years respectively, were kept in bed for ten days as control subjects; the 
diagnoses were mild exertional angina pectoris in 1 and psychoneurosis with mild 
hypertrophic arthritis in the other. 

The intake of nitrogen was calculated from the weighed food intake, on the 
basis of the tables of Bridges and Mattice.7? The nitrogen output was measured by 
analyzing al! urine and feces by the Kjeldahl method. Measurements of various 
chemical components of the blood were made with the patient in the fasting state. 
The thethods used were as follows: for blood sugar, that of Folin’; for lactate, 
that of Barker and Summerson®; for pyruvate, that of Bueding and Wortis 1°; 


4. Browne, J. S. L.; Karady, S., and Selye, H.: The Effect of Noxious 
Agents on Creatine, Creatinine, Chloride and Water Excretion, J. Physiol. 97:1, 
1939, 

5. (a) Grossman,*M.; Sappington, T. S.; Burrows, B. A.; Lavietes, P. H., 
and Peters, J. P.: Nitrogen Metabolism in Acute Infections, J. Clin. Investiga- 
tion 24:523, 1945. (b) Davidson, C..S.; Lewis, J. H.; Tagnan, H. J.; Adams, 
M. A., and Taylor, F. H. L.: Medical Shock: Abnormal Biochemical Changes 
in Patients with Severe Acute Medical Illnesses, With and Without Peripheral 
Vascular Failure, New England J. Med. 234:279, 1946. 

6. Footnotes 2 to 5. 

7. Bridges, M. A., and Mattice, M. R.: Food and Beverage Analysis, ed. 2, 
Philadelphia, Lea & Febiger, 1942. 

8. Folin, O.: Two Revised Copper Methods for Blood Sugar Determination, 
J. Biol. Chem. 82:83, 1929. 

9. Barker, S. B., and Summerson, W. H.: Colorimetric Determination of 
Lactic Acid in Biological Material, J. Biol. Chem. 188:535, 1941. 

10. Bueding, E., and Wortis, H.: The Stabilization and Determination of 
Pyruvic Acid in Blood, J. Biol. Chem. 188:585, 1940. 
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for blood amino nitrogen, that of Danielson?"; for nonprotein nitrogen, that of 
Folin and Wu ?2; for total plasma protein, a modified micro-Kjeldahl steam dis- 
tillation method; for urinary protein, the method of Alexander and Derow,'* and 
for creatine and creatinine, the method of Folin and Dennis.24 


OBSERVATIONS 


Each of the 3 patients exhibited a negative nitrogen balance during 
the first five days of the study, the loss averaging between 4.4 and 8.1 
Gm. per day; the loss of nitrogen during the next five days diminished 
in all, and during the third five days the nitrogen metabolism approached 


Tas_e 1.—Jntake and Output of Nitrogen 
































First Five Days Second Five Days Third Five Days 
, a — ‘ ee Tae. = 
Average Average Average 
Intake, Output, Loss, Intake, Output, Loss, Intake, Output, Loss, 
Case Gm. Gm. Gm./Day Gm. Gm. Gm./Day Gm. Gm. Gm./Day 
| err 53.7 80.1 5.3 72.3 88.7 3.3 77.9 87.0 1.8 
Bicckunes 50.4 90.8 8.1 77.2 106.1 5.8 80.9 115.9 7.0 
Bivsssess 52.3 74.5 4.4 62.4 75.4 2.6 64.2 68.6 0.9 
TABLE 2.—Output of Urinary Albumin 
Duration, Daily Excretion, Total Excretion, 
Case Days Mg. Mg. 
Ri cdecnncsedsdupetentedheeharbaceseane 3 95 to 225 488 
E. .c can dausd hemediagysieepkseaeee eee 3 99 to 186 387 
Big scccvakeecubssocnedeundeesssacnashe 3 55 to 160 299 
TABLE 3.—Output of Urinary Creatine 
Duration, Daily Excretion, Average Excretion, 
Case Days Mg. Mg. 
ling SoG dniaseonbaks apres earn sadaheacne? 12 19 to 199 74 
Dick cbubeuncénsiseessecntusedsedeweses 12 11 to 239 66 
Re icvsasncteqcdesessesdpnanciesvonsess 5 l4to 39 32 





balance in 2 of the subjects (table 1). The 2 control subjécts showed 
little net loss of nitrogen, the total loss for the ten day period of study 
. being 3.8 and 5.8 Gm. respectively. The albuminuria found in the first 


11. Danielson, I. S.: Amino Acid Nitrogen in Blood and Its Determination, 
J. Biol. Chem. 101:505, 1933. : 

12. Folin, O., and Wu, H.: A System of Blood Analysis, J. Biol. Chem. 38: 
81, 1919. 

13. Alexander, B., and Derow, H. A.: Unpublished data. 

14. Folin, O., and Dennis, W.: On the Creatine and Creatinine Content of 
Blood, J. Biol. Chem. 17:487, 1914. 
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three days in each of the patients studied was small in amount; the daily 
output of albumin did not exceed 225 mg. and totaled only 299 to 488 
mg. for the entire period (table 2). The plasma protein levels showed 
no significant changes during the period of study. The blood nonprotein 
nitrogen levels were somewhat increased early in the course, reaching 
levels of 43 to 53 mg. per hundred cubic centimeters; they soon fell to 
normal, however (chart). Creatinuria, absent in the 2 control subjects, 
occurred in all 3 of the patients with myocardial infarction and lasted from 


five to twelve days (table 3), diminishing toward the end of that period. 
Creatine was detected in the first specimen of urine passed by the 
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Changes in the blood nonprotein nitrogen level. 


TaBLe 4.—Carbohydrate Metabolism in Patients: Studied 








Blood Amino 
Blood Sugar, Blood Pyruvate, Blood Lactate, Nitrogen, 
&. % Mg. % Mg. % Mg. % 


bre Vc i, 7 a ean 
Case Initia! Final Initial Final Initial Final Initial Final 








etisaseuscese 7 93 15 1.0 17.7 11.7 9.0 5.9 
Bissvesrsvence 02 8 1.9 1.1 16.4 12.1 8.6 5.2 
Boe vnvvevesess 128 90 1.0 0.8 14.3 11.2 6.6 5.6 





patients after entering the hospital. The blood amino nitrogen levels 
were elevated to 6.6 to 9.0 mg. per hundred cubic céntimeters initially, 
but they fell to normal at the end of the study. 
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A few studies of carbohydrate metabolism revealed no significant 
change in blood sugar concentration in the patients studied and only 
small increases in blood lactate and pyruvate levels (table 4). 


COMMENT 


The data of the present study show the existence of.a preponderance 
of catabolic activity following myocardial infarction even in the absence 
of prolonged shock. The daily loss of nitrogen, which averaged 4.4 to 
8.1 Gm. per day in the patients studied, is to be contrasted with an 
average daily loss of 0.38 to 0.58 Gm. per day in the control subjects; 
the latter figures are within the range found by Cuthbertson ** in normal 
subjects kept in bed. Similarly, the creatinuria observed in the present 
study, in corroboration of the earlier findings of Herrmann and Decherd,? 
is also evidence of a metabolic disturbance, for it was detectable in the 
first specimen of urine obtained here and could not have been a conse- 
quence of prolonged rest in bed or of the fever which developed later. 
It is worthy of note that unpublished data obtained for 1 patient with 
myocardial infarction who manifested shock and pulmonary edema for 
a week after admisison to the hospital showed a negative nitrogen balance 
and creatinuria over twice as great as that in the patients without shock 
here presented. The rise in blood nonprotein nitrogen level which occurs 
not infrequently following myocardial infarction is probably the result 
of increased delivery of nitrogen to the kidneys consequent to increased 
protein catabolism at a time when renal function may be decreased 
as a consequence of vasoconstriction or, in some cases, of shock. The 
elevation of blood amino nitrogen level found in the patients studied 
here was probably also a consequence of increased destruction of body 
protein. 

The slight increases in blood lactate and pyruvate levels which occur- 
red in the patients of the present study are probably another indication 
of increased catabolism; the patients were chosen for this investigation 
because they showed no evidence of peripheral vascular stasis or pul- 
monary edema which might have given rise to tissue anoxia. It is to be 
expected, however, that in patients in whom tissue anoxia develops after 
myocardial infarction the increases in blood lactate and pyruvate con- 
centration would be greater than those found here; indeed, a few unpub- 
lished data support this supposition. 

The importance of fever in the causation of the metabolic changes 
observed after myocardial infarction, as after burns or trauma, is difficult 
to evaluate. In the present study the fever lasted only a few days and 
did not reach high levels. Nevertheless, in those patients in whom the 
febrile response is definite and prolonged, the fever itself, by accelerating 


15. Cuthbertson, D. P.: The Influence of "rolonged Muscular Rest on 
Metabolism, Biochem. J. 23:1328, 1929. 
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catabolism, would make the changes in the nitrogen balance and in the 
chemical findings in the blood more pronounced. 

The cause of the development of a preponderance of catabolic activity 
after myocardial infarction has not been studied; in other conditions of 
stress or damage, abnormal function of the adrenal cortex has been 
implicated.** As in other conditions of damage, the period following 
myocardial infarction may be characterized by depression and persistent 
weakness and occasionally also by anorexia and wasting. It appears, 
therefore, that the metabolic and also the clinical characteristics of 
myocardial infarction, including hyperglycemia and elevated blood non- 
protein nitrogen level, resemble those of the “alarm reaction.” It is to 
be noted that the changes found in the present study occurred in the 
absence of evidences of persistent collapse. 

The data of the present study may possibly have sume bearing also on 
the problem of the cause of the icterus following myocardial infarction. 
The explanation usually advanced for this phenomenon is that hepatic 
damage occurs as a consequence of acute congestion of the liver due to 
the cardiac lesion; indeed, some clinicians go so far as to consider 
icterus in myocardial infarction as evidence of localization of the area of 
necrosis in the right ventricle. Clinical experience, however, shows that 
detectable hepatic engorgen. nt is not uncommonly absent in patients in 
whom icterus develops after cardiac infarction. It is of interest that 
unexplained hyperbilirubinemia is known ‘to occur in patients with 
severe thyrotoxicosis or thermal burns, in persons subjected to exces- 
sively high and prolonged artificial fevers ** and in men after a marathon 
run.?® All these conditions are also characterized by a negative nitrogen 
balance, hyperglycemia and elevation of the blood lactate and pyruvate 
levels. It appears to be reasonable to add myocardial infarction to the 
list of conditions in which decided and prolonged catabolic activity may 


16. Weil, P. G., and Browne, J. S. L.:° The Excretion of Cortin Under Con- 
dition of Damage, J. Clin. Investigation 19:772, 1940. Selye, H., and Dosne, C.: 
Influence of Traumatic Shock on Blood Sugar of Adrenalectomized Rats Treated 
with Adrenal Cortical Extract, Proc. Soc. Exper. Biol. & Med. 48:532, 1941; 
Physiological Significance of Compensatory Adrenal Atrophy, Endocrinology 30: 
581, 1942. Albert, S.: Changes in Adrenal Function During the Alarm Reaction, 
Proc. Soc. Exper. Biol. & Med. 51:212, 1942. Albright, F.: Cushing’s Syndrome, 
in Harvey Lectures, Lancaster, Pa., Science Press Printing Company, 1943, vol. 38, 
p. 123. Selye, H.: The General Adaptation Syndrome and the Diseases of 
Adaptation, J. Clin. Endocrinol. 6:117, 1946. 

17. Keutmann, E. H.; Bassett, S. H., and Warren, S. L.: Electrolyte 
Balances During Artificial Fever with Special Reference to Loss Through the 
Skin, J. Clin. Investigation 18:239, 1939. Wallace, J., and Bushby, S. R. M.: 
Physiological and Biochemical Changes Following Hypertherm Treatment, Brit. J. 
Ven. Dis. 19:155, 1943. 

18. Gilligan, D. R.; Altschule, M. D., and Katersky, E. M.: Physiological 
Intravascular Hemolysis of Exercise: Hemoglobinemia and Hemoglobinuria 
Following Cross-Country Runs, J. Clin. Investigation 22:859, 1943. 








80 ARCHIVES OF INTERNAL MEDICINE 


be followed by hyperbilirubinemia. The precise cause of the apparent 
depression of hepatic function in all these conditions is not known, 
although it is of interest that the metabolic changes in conditions of 
stress or damage are effected through the liver.’® 


CONCLUSIONS 
Three patients with myocardial infarction in whom persistent shock 
did not occur showed creatinuria, negative nitrogen balance and increase 
of blood nonprotein nitrogen concentration. Blood lactate, pyruvate and 


amino acid levels were also elevated slightly. These findings are 
similar to those reported by other authors in a variety of conditions of 


damage to the organism. 


Miss Dorothy Youland and Miss Esther Issenberg, of the Dietary Depart- 
ment, assisted in this study. 


330 Brookline Avenue, Boston. 


19. Selye, H., and Dosne, C.: Effect of Cortin After Partial and After Com- 
plete Hepatectomy, Am. J. Physiol. 128:729, 1940. 
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N RECENT years great strides have been made in the direction 

of determination of the pathogenesis of hypertensive vascular disease. 
However, there is conflicting opinion concerning the relation between 
basal heat production and hypertensive vascular disease.t Clinically, an 
elevated basal metabolic rate has been noted in patients with hyper- 
tension. Mountain and his co-workers *" reported that there was a 
direct correlation between basal heat production and the height of the 
blood pressure; others ? failed to demonstrate this relation. 

The exact mechanism underlying these metabolic changes has not 
been definitely proved. Some investigators* have indicated that an 


From the Department of Medicine and the Respiration Laboratory, New York 
Post-Graduate Medical School and Hospital. 

1. (a) Boothby, W. M., and Sandiford, I.: Summary of the Basal Metab- 
olism Data on 8,614 Subjects with Especial Reference to the Normal Standards 
for the Estimation of the Basal Metabolic Rate, J. Biol. Chem. 54:783, 1922. 
(b) DuBois, E. F.: Basal Metabolism in Health .nd Disease, ed. 3, Philadelphia, 
Lea & Febiger, 1936, p. 325. (c) Boothby, W. iz., and Willius, F. A.: Basal 
Metabolic Rate in Cases of Primary Cardiac Disease, M. Clin. North America 
8:1171, 1925. (d) Shapiro, S.: The Basal Metabolic Rate in Cases of Chronic 
Cardiac Disease and in Cases of Hypertension, Arch. Int. Med. 38:385 (Sept.) 
1926. (e) Aub, J. C, and DuBois, E. F.: The Respiratory Metabolism in 
Nephritis, Arch. Int. Med. 19:865 (May, pt. 2) 1917. (f) Hayasaka, E.: On 
the Basal Metabolism in Hypertension, Tohoku J. Exper. Med. 12:270, 1929. (g) 
Reznitskaya, E. Y., and Spivak, R. Y.: Basal Metabolism in Hypertonia, Klin. 
med. 16:1410, 1938. (h) Mountain, G. E.; Allen, E. V., and Haines, S. F.: 
The Basal Metabolic Rate in Essential Hypertension, Am. Heart J. 26:528, 1943. 
(i) Weiss, S., and Ellis, L. B.: The Quantitative Aspects and Dynamics of the 
Circulatory Mechanism in Arterial Hypertension, ibid. 5:448, 1930. (7) Becker, 
J.: Grundumsatz und Hypertonie, Ztschr. f. klin. Med. 119:412, 1932. (k) 
Mosler, E., and Edelstein, M.: Hypertension: Grundumsatz und Arteriosklerose 
im Alter, Ztschr. f. d. ges. phys. Therap. 35:172, 1928. (J) Crile, G., Jr., and 
McCullagh, E. P.: Hypertension Simulating Hyperthyroidism, M. Clin. North 
America 24:395, 1940. (m) Hamilton, R. L., and Beck, W. C.: Hypertension 
Simulating Thyrotoxicosis, M. J. & Rec. 135:571, 1932 

2. Casullo, C. A.: El metabolismo basal en Ja hipertension arterial, Semana 
méd. 50:27, 1943. Reznitskaya and Spivak.1s 
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interrelationship among the brain, the thyroid and the adrenal sympa- 
thetic system exists. Hayasaka‘* concluded that the basal metabolic 
rate remains unchanged in hypertensive patients with normal renal 
function but becomes elevated in those with renal insufficiency. 

Because of these opposing viewpoints, it seemed of real value to 
reinvestigate the entire problem. In the present study of patients 
with hypertensive vascular disease, an attempt is made to determine 
(1) the frequency distribution of the basal metabolic rate; (2) the 
relation between basal heat production and (a) components of blood 
pressure, (b) pulse pressure and (c) tension of carbon dioxide in 
expired air; (3) the possible effect of abnormalities of the heart and 
kidneys on metabolism, and (4) the influence of the sympathetic nervous 
system on basal metabolism. 

Since basal heat production has been found to be below normal in 
Addison’s disease, hypothyroidism, lipid nephrosis, obesity due to pit- 
uitary or hypothalamic disorders and starvation and above normal in 
cardiorenal disease with dyspnea, diabetes insipidus, fever, hyperthy- 
roidism, leukemia and polycythemia,* patients with hypertensive vas- 
cular disease were eliminated whenever these pathologic conditions were 
found to be present. 

METHOD AND MATERIAL 

For this investigation a total of 115 patients (36 men and 79 women) with 
hypertensive vascular disease were selected from the records of the departments 
of medicine and surgery and the Respiration Laboratory of the New York Post- 
Graduate Hospital.5 The period of observation was from January 1943 to Septem- 
ber 1946. 

The blood pressure of each patient was obtained by the auscultatory method, 
a mercurial sphygmomanometer being used. The degree of impairment of the 
heart was determined by checking the electrocardiographic, 6 foot (1.82 meters) 
silhouette and the physical condition. Renal function was evaluated after intra- 
venous urographic studies, concentration tests by the Mosenthal method and 
with the use of betahypophenamine, urea clearance tests, routine urine analysis 
and quantitative estimation of the blood urea nitrogen, nonprotein nitrogen and 
creatinine contents. : 


3. (a) Crile, G. W.: The Interdependence of Thyroid, Adrenals and Nervous 
System, Am. J. Surg. 6:616, 1929; (b) The Mechanism of Exophthalmic Goiter, 
Tr. Third Internat. Goiter Conf. & Am. A. Study Goiter, 1938, p. 1. (c) Knight, 
R. T.: The Use of Spinal Anesthesia to Control Sympathetic Overactivity in 
Hyperthyroidism, Anesthesiology 6:225, 1945. (d) McCartney, J. L.: Anxiety 
Overstimulating the Thyroid Gland: Psychogenic Exophthalmic Goiter, Tr. Third 
Internat. Goiter Conf. & Am. A. Study Goiter, 1938, p. 49. (e) Maddock, W. G.; 
Coller, F. A., and Pedersen, S.: Thyroid Crisis: Its Relation to Liver Function 
and Adrenalin, Tr. Am. A. Study Goiter, 1936, p. 61. Weiss and Ellis.11 Becker.1J 

4. Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical Prac- 
tice, ed. 4, Baltimore, Williams & Wilkins Company, 1945, p. 536. 

5. Dr. Cameron V. Bailey, Director of the Respiration Laboratory, permitted 
us to use unpublished data, and Dr. J. William Hinton, Department of Surgery, 
made available to us records of hypertensive patients. 
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The basal metabolic rates were determined, in all but 18 patients, at the 
Respiration Laboratory of the New York Post-Graduate Hospital by the use 
of the gasometer. The Tissot, or open circuit, apparatus, in which the subject 
breathes atmospheric air, was employed. Expired air was collected in a 100 
liter gasometer, from which duplicate samples were removed for analysis by the 
Haldane-Henderson technic.6 This method allows for the simultaneous estimation 
of the partial pressure of carbon dioxide in expired air, the respiratory quotient 
and the basal metabolic rate. Elsewhere, Bruger and Rosenkrantz, * Boyer and 
Bailey ® and Bailey ® have described the actual procedures and various modifica- 
tions of the apparatus. The remaining 18 patients were studied at Doctors’ 
Hospital, New York, by the Benedict-Roth1° method. For each method, the 
normal value for the basal metabolic rate is from + 10 per cent to — 10 per cent. 

Six patients with increased heat production were restudied to evaluate the 
effect of a two stage thoracolumbar sympathectomy.11 Five patients returned 
nine months to twenty-five months and 1 patient one week after this procedure. 
The Smithwick 12 technic was employed in 2 patients and a modified method 14 
in 4 others. The latter approach includes the removal of ganglions from the 
second lumbar to the fourth or third thoracic nerves as well as the complete 
greater, lesser and least splanchnic nerves. 


RESULTS 


From chart 1 it is apparent that 30 of the hypertensive patients, or 
26.1 per cent, had an elevated basal metabolic rate of over +10 per cent ; 
20 of these, or 17.4 per cent, had a basal metabolic rate of over +15 per 
cent. At the other end of the scale, 14 of the patients, or 12.2 per cent, 
were found to have a basal metabolic rate below —10 per cent. 


6. (a) Haldane, J. S.: Methods of Air Analysis, London, C. Griffen & Co., 
1912. (b) Henderson, Y.: Haldane Gas Analyzer, J. Biol. Chem. 33:31, 1918. 

7. Bruger, M., and Rosenkrantz, J. A.: Arteriosclerosis and Hypothyroidism :, 
Observations on Their Possible Interrelationship, J. Clin. Endocrinol. 2:176, 1942. 

8. Boyer, P. K., and Bailey, C. V.: Concentration of Carbon Dioxide in 
Expired Air, Arch. Int. Med. 69:773 (May) 1942. 

9. (a) Bailey, C. V.: Apparatus Used in the Estimation of Basal Metab- 
olism, J. Lab. & Clin. Med. 6:657, 1921; (b) Notes on Apparatus Used in 
Determining the Respiratory Exchange in Man: I. An Adaptation of the French 
Gas Mask for Use in Respiratory Work, J. Biol. Chem. 47:277, 1921; (c) A Low 
Resistance Air Valve, Proc. Soc. Exper. Biol. & Med. 24:184, 1926. (d) Hawk, 
P. B., and Bergeim, O.: Practical Physiological Chemistry, ed. 9, Philadelphia, 
P. Blakiston’s Son & Co., 1926, appendix. 

10. (a) Benedict, F. G.: Portable Respiration Apparatus for Clinical Use, 
Boston M. & S. J. 178:667, 1918. (b) Roth, P.: Modifications of Apparatus 
and Improved Technic Adaptable to Benedict Type of Respiration Apparatus, 
ibid. 186:457, 1922. 

11. Performed by Dr. J. William Hinton, Department of Surgery, New York 
Post-Graduate Hospital. 

12. Smithwick, R. H.: Experiences with Surgical Treatment of Hypertensive 
Cardiovascular Disease in Man, Cleveland Clin. Quart. 12:105, 1945. 

13. Hinton, J. W., and Lord, J. W., Jr.: Thoraco-Lumbar Sympathectomy 
in the Treatment of Advanced Essential Hypertension, New York State J. Med. 
46:1223, 1946. 
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Chart 2.—The relation of the basal metabolic rate to the average systolic, 
diastolic and pulse pressure in 115 hypertensive patients. 
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Chart 2 demonstrates the relationship between the basal metabolic 
rate and the average systolic, diastolic and pulse pressure. In hyper- 
tensive patients in whom the basal metabolic rate was —20 per cent, 
the average systolic blood pressure was 183.5 mm. of mercury; with 
the metabolism at average normal the systolic blood pressure was 
208.5 mm. of mercury, and when the basal heat production was +30 
per cent or more the systolic blood pressure was 225.0 mm. of mercury. 
The levels of diastolic blood pressure were 104.3, 126.8 and 152.5 mm. 
of mercury at the basal metabolic rate of —20 per cent, average normal, 
and +30 per cent or more respectively. Similar plotted averages of 
pulse pressure demonstrated that at these basal metabolic rates the 
pressure was 80.0, 85.0 and 87.5 mm. of mercury respectively. There 
is, therefore, a decided positive correlation between basal metabolic rate 
and both systolic and diastolic blood pressure. On the other hand, 
there appears to be no significant association between basal heat produc- 
tion and pulse pressure. 


TaBie 1.—Incidence of Cardiac and Renal Dysfunction in One Hundred and 
Fifteen Patients with Hypertensive Vascular Disease as Related 
to the Basal Metabolic Rate 








’ With Both Car- 
With Cardiac With Renal = diac and Renal 
Dysfunction Dysfunction Dysfunction 





Total a Fa —__—_—_, eee 
No. No. % No. % No. % 
Elevated basal metabolic rate............ 30 23 76.7 20 66.7 17 56.7 
Normal and subnormal basal metabolic 
TTT ere Ore ITT eee 85 55 64.7 29 34.1 23 27.1 





An analysis of the partial pressure of carbon dioxide in expired 
air for each person with hypertension revealed that patients with a 
basal metabolic rate of +-11 per cent or more had an average carbon 
dioxide tension of 19.81 as compared with 19.83 in those with a normal 
or subnormal metabolic rate. 

The ages of hypertensive patients with elevated metabolic rates 
ranged from 29 to 60 years, with an average of 46.0 years; for those 
with normal or subnormal basal heat production the range was 23 to 
74 years, with an average of 47.5 years. 

Analysis of table 1 reveals that 76.7 per cent of hypertensive patients 
with elevated basal metabolic rates had some abnormality of the heart 
while 64.7 per cent of those in the normal or subnormal group had some 
cardiac derangement. On the other hand, the incidence of renal dys- 
function or both cardiac and renal abnormalities in hypertensive patients 
witli an elevated metabolic rate was 66.7 and 56.7 per cent respectively. 
This was undoubtedly a greater incidence than that found among those 
with the normal or subnormal metabolic rates in whom the proportions 
were 34.1 and 27.1 per cent respectively. 

Table 2 summarizes the effect of thoracolumbar sympathectomy on 
the basal metabolic rate and blood pressure of 5 hypertensive patients 
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nine to twenty-five months following surgical intervention; 1 patient 
was reexamined one week following the same procedure. All patients 
showed a pronounced decrease in the average basal metabolic rate— 
from +27 to +9 per cent; in 4 patients it returned to normal levels. 
In contrast, the hypertensive levels of blood pressure were not affected 
by this procedure in 5 patients but returned to a normal of 110 systolic 
and 70 diastolic in the 1 patient who was restudied one week after 
operation. 


TABLE 2.—The Effect of Thoracolumbar Sympathectomy on the Basal Metabolic 
Rate and Blood Pressure of Six Hypertensive Patients 











Basal Metabolic Blood Interval After 
Oase Age, Yr. Rate, % Pressure Operation 

Die napccnaiussoseaneenednceees 41 +16 228/124 
+4 204/130 25 mo. 

ee ate NS aoe ae 45 +12 170/105 
+2 178/ 96 13 mo. 

Bis bischsssapuscaben etecaceese 46 +16 210/120 
+ 6 210/120 10 mo. 

Gidecnsacedsheandsaedewseeness 53 +21 210/140 
0 166/106 9 mo. 

Pocbassnavasacdossathauebesses 45 +39 240/150 
+17 260/152 14 mo. 

Dircsnsdstal os¥wsescccwkuenans 45 +55 220/160 
+21 110/ 70 1 wk. 

COM MENT 


The incidence of hypermetabolism in this series of hypertensive 
patients agrees with that reported by DuBois and Boothby and Sandi- 
ford.*» It has been maintained by others that hypertension and cardiac 
disease per se do not increase basal heat production unless cardiac 
decompensation and dyspnea are present.** In this investigation patients 
with frank decompensation or dyspnea were excluded. Therefore, these — 
findings may be regarded as representative of those in a group of hyper- 


14. (a) Peabody, F. W.; Wearn, J. T., and Tompkins, E.H.: The Basal Metab- 
olism in Cases of “Irritable Heart of Soldiers,” M. Clin. North America 2:507, 
1918. (b) Peabody, F. W.; Meyer, A. L., and DuBois, E. F.: The Basal Metabolism 
of Patients with Cardiac and Renal Disease, Arch. Int. Med. 17:980 (June, 
pt.2) 1916. (c) Hamburger, W. W.,and Lev, M. W.: Basal Metabolism in Organic 
Heart Disease with Decompensation: Preliminary Report, J. A. M. A. 84:587 
(Feb. 21) 1925. (d) Lev, M.W., and Hamburger,W.W.: Basal Metabolism in 
Organic Heart Disease, Am. Heart J. 1:240, 1925. (e) Lusk, G.: The Elements 
of the Science of Nutrition, Philadelphia, W. B. Saunders Company, 1919, p. 554. 
(f) Peabody, F.W.; Wentworth, J. A., and Barker, B.I.: Clinical Studies on the 
Respiration: V. The Basal Metabolism and the Minute-Volume of the Respiration 
of Patients with Cardiac Disease, Arch. Int. Med. 20:468 (Sept.) 1917. (g) Stewart, 
H. J., and Jack, N. B.: The Basal Metabolic Rate in Organic Heart Disease, 
Am. Heart J. 19:738, 1940. (h) Nylin, G.: The Effect of Large Doses of Digitalis 
on Standard Metabolism, J. Lab. & Clin. Med. 28:472, 1938. (¢) Boothby and 
Sandiford.18 (7) Boothby and Williams.1¢ (k) Shapiro.14 
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tensive patients without cardiac insufficiency in whom elevated metabolic 
rates were noted. 

Boyer and Bailey ** demonstrated that as the degree of decom- 
pensation increased the concentration of carbon dioxide in expired air 
decreased and as cardiac efficiency improved the carbon dioxide tension 
was restored to normal. In this study the average partial pressure 
of carbon dioxide in expired air was found to be normal for the entire 
group of hypertensive patients, tegardless of associated elevated, normal 
or depressed metabolic rates. In all probability, in the absence of 
cardiac failure hypertension is necessary for some persons to maintain 
effective flow of blood through the brain and lungs. 

Further analysis revealed that there is a greater incidence of renal 
dysfunction in hypertensive patients with increased basal metabolic rates 
than in those with normal or subnormal basal heat production. This, 
of course, might be due to the fact that those with renal dysfunction 
had a greater elevation in blood pressure. These results agree with 
the findings reported by Hayasaka.‘* The direct correlation between 
the basal metabolic rate and both systolic and diastolic blood pressure 
is significant and is in agreement with the work of Mountain and his 
co-workers 7"; however, it fails to support the results of other inves- 
tigators.? 

Bruger and Rosenkrantz’ have shown that the basal metabolic rate 
decreases with advancing years in patients over 55 years of age but 
that the incidence of hypometabolism is greater for those exhibiting 
arteriosclerosis than for those without arteriosclerotic manifestations. 
In this study age and arteriosclerosis were not influencing factors, since 
the average age fell below 55 years and there was no significant differ- 
ence in the average age of the hypertensive patients with elevated 
metabolic rates as compared with the age of those with normal or sub- 
normal metabolic rates. 

The possibility that thoracolumbar sympathectomy can lower basal 
metabolic rates may explain one of the mechanisms producing elevated 
metabolic rates in some hypertensive patients. It.has also long been 
held that hyperadrenalism and an overactive sympathetic nervous sys- 
tem are associated with hyperthyroidism and elevated metabolic rates.* 
Bruger, Rosenkrantz and Lowenstein ** presented some theoretic con- 
siderations suggesting that the fact that hypertensive patients have a 
low urinary excretion of 17-ketosteroids might reflect an exhausted 
adrenal gland caused by the constant strain of a persistent elevation 
in blood pressure. Spinal anesthesia to the fifth or fourth thoracic 
level,’? the removal of one adrenal or the denervation of the adrenal 


15. Boyer, P. K., and Bailey, C. V.: Concentration of Carbon Dioxide in 
Expired Air in Heart Disease, Arch. Int. Med. 71:529 (April) 1943. 

16. Bruger, M.; Rosenkrantz, J. A., and Lowenstein, B. E.: Studies on the 
Morphology of the Adrenal Cortex and on the Excretion of 17-Ketosteroids in 
Hypertensive Patients, Am. J. M. Sc. 208:212, 1944. 

17. Peabody, Meyer and DuBois.14» Hamburger and Lev.14¢ Lev and Ham- 
burger.144 
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glands **” has been shown to interrupt the lines of communication among 
the brain, the thyroid and the adrenal sympathetic system, thereby 
causing a reversal of the hyperthyroid state toward normal. Experi- 
mentally, the administration of ergotamine tartrate causes a fall in basal 
heat production in normal and thyroidectomized rabbits.’* Conversely, 
it has been reported that administration of epinephrine raises the basal 
metabolic rate.* In hypertensive patients with elevated metabolic rates, 
Weiss and Ellis" performed thyroidectomies, while Becker) treated 
the thyroid with radiation ; these procedures lowered the basal metabolic 
rate but had no effect on the level of preexisting arterial hypertension. 
In this investigation thoracolumbar sympathectomy likewise interrupted 
the interrelationship between the systems; there was a similar reduc- 
tion of basal heat production without an appreciable alteration of the 
blood pressure. One must consider that cardiac work also may be a 
factor in elevating metabolic rate, since a direct correlation between 
basal metabolic rates and systolic and diastolic blood pressure as well 
as a greater incidence of renal dysfunction was found in this series 
of hypertensive patients with elevated metabolic rates. 


SUMMARY 


In hypertensive vascular disease without cardiac insufficiency a sig- 
nificant incidence of hypermetabolism has been demonstrated. The 
elevated metabolic rate may be due to the overactivity of the sympathetic 
nervous system through its interrelationship among the brain, the 
thyroid and adrenal-sympathetic system. Increased cardiac work may 
be an accessory factor in the increase of basal heat production. There 
was a direct correlation between the basal metabolic rate and the 
systolic and diastolic blood pressure; there was also a greater incidence 
of renal dysfunction or pathologic involvement of both kidney and 
heart in hypertensive patients with elevated metabolic rates. The partial 
pressure of carbon dioxide in expired air of hypertensive patients with 
normal cardiac function was found to be within normal limits. It is 
possible that hypertension is necessary in some persons to maintain 
adequate circulation through brain and lung, as manifested by the normal 
tension of carbon dioxide in expired air. 


18. Marine, D.; Deutch, M., and Cipra, A.: Effect of Ergotamine Tartrate 
on the Heat Production of Normal and Thyroidectomized Rabbits, Proc. Soc. 
Exper. Biol. & Med. 24:662, 1926. 
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SARCOMA 


A malignant extramedullary plasma cell tumor arising in the 
stomach and metastasizing to the retroperitoneal space is described 
by Couret.’7* The exact nature of the process was not recognized 
until the histologic examination—although the -clinical, roentgenologic 
and gross pathologic evidence indicated a malignant obstructive lesion 
of the pylorus. Histologically, the resemblance between plasma cell 
tumors and actively proliferating chronic inflammatory cells may make 
the differentiation troublesome. 

A reticulum cell sarcoma is reported by Cash and Rappoport.’*® 


CARCINOMA 


Carcinogenic Hydrocarbons.—Beck**® studied the carcinogenic 
effect of hydrocarbons on the stomach of CBA mice. No tumors 
occurred in the glandular stomachs when 0.01 mg. of dibenzanthracene 
was given daily for three to ninety-seven weeks followed by a 0.1 per 
cent croton oil soap solution up to ninety weeks. However, in each 
of the 6 mice surviving for forty-two weeks in the group receiving 
benzpyrene tumors of the forestomach (two papillomas and four carci- 
nomas) were found. Two papillomas were observed among 10 mice 
surviving seventy-two weeks in the group receiving dibenzanthracene. 


“178. Couret, J. S.: Extramedullary Plasma Cell Tumor of the Stomach: A 
Case Report, Am. J. Clin. Path. 16:213-219, 1946. 

179. Cash, I. I., and Rappoport, A. E.: Reticulum Cell Sarcoma of the Stomach, 
Gastroenterology 6:40-49, 1946. 

186. Beck, S.: The Effect of Feeding Carcinogenic Hydrocarbons Dissolved 
in Aqueous Soap Solution on the Stomach of CBA Mice, Brit. J. Exper. Path. 
27:155-157, 1946. 


89 











90 ARCHIVES OF INTERNAL MEDICINE 


Dietary Factors—In a comparison by Dunham and Brunschwig *** 
of the dietary and related factors acting during a fiften to twenty 
year period before the onset of disease in 40 patients with and 40 with- 
out malignant gastric tumors, no significant differences were found. 


Laboratory Studies—Dunham and Brunschwig **? determined the 
calcium content of the gastric juice in 14 patients with gastric tumors 
and in 24 control patients. The differences could be explained on the 
basis of the higher acidity in the controls. Similar determinations of 
potassium in 9 patients with gastric tumors and in 11 controls disclosed 
no significant differences. The calcium and potassium contents were 
found to be increased in the secretions of 5 patients with achlorhydria 
induced by roentgenologic treatment of duodenal ulcer. Gastric tumors 
tissue contained relatively less calcium and more potassium than the 
adjacent uninvolved mucosa. In a benign papilloma with two separate 
carcinomas and also in a lymphosarcoma a similar potassium-calcium 


‘ratio was noted, suggesting that the abnormality is characteristic of 


neoplasm in general rather than of carcinoma alone.*** 


Ficarra #** has shown that in patients with gastric cancer the level 
of uric acid in the blood rises as the plasma protein level falls. The 
hyperuricemia results from accelerated endogenous protein metabolism 
and hence it helps in the evaluation of the hypoproteinemia already 
present. Further, it is of assistance in foretelling postoperative com- 
plication; the higher the blood uric acid level, the poorer the prognosis. 

In a series of 140 patients with carcinoma of the stomach Colp** 
found values for free hydrochloric acid ranging from 20 to 60 millimols 
per liter in over one half; the combined acid values ranged from 40 to 
113 millimols per liter. . In 50 patients with no free acidity the combined 
acidity varied from 10 to 80 millimols per liter. Absolute achlorhydria 
was present in only 12. Alessandri and others,’** in a series of 154 
cases of gastric cancer, found achlorhydria in response to administration 
of histamine in 81.1 per cent, hypochlorhydria in 3.89 per cent, normo- 


181. Dunham, L. J., and Brunschwig, A.: A Review of Dietary and Related 
Habits in Patients with Malignant Gastric Neoplasms, Gastroenterology 6:286- 
293, 1946. 

182. Dunham, L. J., and Brunschwig, A.: Calcium and Potassium Content 
of Secretions from Noncancerous and Cancerous Stomachs, Cancer Research 
6:54-56, 1946. 

183. Brunschwig, A.; Dunham, L., and Nichols, S.: Potassium and’ Calcium 
Content of Gastric Carcinoma, Cancer Research 6:230-232, 1946. f 

184. Ficarra, B. J.: Hyperuricemia in Gastric Cancer, Surgery 19:223-228, 
1946, 

185. Colp, R., and Druckerman, L.: Subtotal and Palliative Gastrectomy for 
Chronic Gastric Ulcer, Surgery 18:573-582, 1945. 

186. Alessandri, R. H.; Lerner, J., and Sanz del Fierro, R.: El jugo gastrico 
en las lesiones gastricas malignas, Rev. méd. de Chile 73:793-795, 1945. : 
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chlorhydria in 9 per cent and hyperchlorhydria in 5.8 per cent. Lactic 
acid was found in the gastric secretion in 28.1 per cent and macroscopic 
blood in 24.3 per cent. 

Barber and Franklin 1*’ took swabs for bacteriologic examinations 
directly from the mucosa of the stomach and duodenum during operations 
on 50 patients undergoing partial gastrectomy for peptic ulcer or gastric 
carcinoma. Bacteria were isolated from sixteen of forty benign ulcers 
and from nine of ten carcinomas. Micrococcus albicans, nonhemolytic 
streptococci and coliform bacilli were found in many instances despite 
a normal or high gastric acidity. Pyogenic cocci, i. e., Streptococcus 
pneumoniae, Staphylococcus aureus and Lancefield A hemolytic strepto- 
cocci, were isolated in 7 cases. 

Diagnosis—In 500 men without digestive symptoms and over 45 
years of age subjected to roentgenographic examination of the esophagus, 
stomach and duodenum, Daily and Miller *** found gastric carcinoma 
in none, antral gastritis in 1, suspected antral polyp in 1 and gastric 
ulcer in 1. Consequently, the authors conclude that routine roentgeno- 
grams of the gastroduodenal tract on symptomless persons are not 
worth while 

Several authors emphasize the difficulties in the clinical and roent- 
genologic diagnosis of early cancer. Alvarez **® presents a case to 
illustrate the fact that a short history of gastric “ulcer” in persons 
past middle life usually indicates the presence of cancer; the results 
of gastric analysis are of little diagnostic value, and the disappearance 
of the crater with improvement under medical management should not 
lead to any relaxation of vigilance. Golob*®® reviews the mistakes 
made; Engel‘ discusses the various aspects of the problem. The 
roentgenologic difficulties are’ reviewed by Savignac,’*? Diaz and 
others °° and Ledoux-Lebard and associates,1°* who emphasize the 


187. Barber, M., and Franklin, R. H.: Bacteriology of Stomach and Duodenum 
in Cases of Peptic Ulcer and Gastric Carcinoma, Brit. M. J. 1:951-953, 1946. 

188. Dailey, M. E., and Miller, E. R.: A Search for Symptomless Gastric 
Cancer in Five Hundred Apparently Healthy Men of Forty-Five and Over, 
Gastroenterology 5:1-4, 1945. 

189. Alvarez, W. C.: Things to Do if Cancer of the Stomach Is Oftener to Be 
Cured, Gastroenterology 6:574-575, 1946. 

190. Golob, M.: Gastric Carcinoma: Review of Errors in Diagnosis, Am. J. 
Digest. Dis. 13:17-22, 1946. 

191. Engel, G. C.: Carcinoma of the Stomach and Its Problems, Clinics 
4:13-26, 1945. 
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193. Diaz, F.; Donoso, A., and Velasco, F.: Diagndéstico radiolégico de lesiones 
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73 :667-677, 1945. 
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fact that simple decrease in the size of the niche, with clinical improve- 
ment, must be interpreted with reservation because this change may 
occur with a malignant lesion. Tumen,*® after a similar careful review 
of the differential features, concludes that if doubt as to the nature of 
the lesion still remains after a brief therapeutic trial it is much safer 
to proceed with operation than to wait for too long a time and thus 
deny the patient the possibility of successful surgical treatment. 

Pathologic Features.—Rickles }* reports an instance of four inde- 
pendent papillary adenocarcinomas apparently arising from adenomatous 
polypi and aii ulcerating carcinoma of the cardiac end of the same stomach 
infiltrating the muscularis, with metastases to the perigastric lymph 
nodes. Heller *®* reports a primary carcinoma of the stomach, with 
multiple annular stenosing carcinomatous infiltrations of the small intes- 
tine and colon, resembling granulomatous inflammatory lesions. The 
author attributes this type of metastasis to blockage of the mediastinal 
lymphatic channels and retrograde dissemination of the tumor cells 
through the abdominal lymphatic vessels. 

Surgical Treatment.—Koster and Trolle *** have made an elaborate 
study of hemoconcentration, plasma proteins and blood electrolytes in 
postoperative shock after gastrectomy, which will be read with interest 
by those concerned with the subject but need not be reviewed here. 

In a review of 208 cases of carcinoma of the stomach, Lawrence and 
Kay '*° found that 9 patients, constituting 18.7 per cent of those sub- 
jected to radical operations or 30 per cent of those surviving resection, 
lived five years. The great losses in carcinoma are due to inoperability, 
unresectability and postoperative mortality. Patients who survive gas- 
trectomy have one chance in three of living five years 

Moutier °° reports a decreasing mortality in operations on the 
stomach. Moreland **' reports 6 consecutive cases of gastrectomy 


194. Ledoux-Lebard, R.; Ledoux-Lebard, G.; Crozat, J., and Pannetier, G.: 
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without fatality. The procedure is not incompatible with good health 
and gainful employment. Beaver, Gendel and Papper ** record a 
total gastrectomy for linitis plastica with postoperative recovery. 

Waugh and Fahlund,** in reviewing 77 cases of total gastrectomy 
between 1920 and 1943 in which the patient was operated on, note a 
progressive increase in the frequency of the operation and a decrease in 
the mortality rate from an average of 60.6 per cent in the first twenty-two 
years to 25 per cent in 1943. More than half of the patients who survived 
total gastrectomy for cancer lived two or more years. 

A perforated carcinoma of the stomach, complicated by sub- 
diaphragmatic abscess, was successfully resected twenty-two days after 
perforation by Jorboe and Pratt.*°* The value of sulfonamide com- 
pounds and penicillin is stressed. 

Radiation Therapy—Fairchild and Shorter *°%° are studying the 
possibilities of direct irradiation combined with surgical treatments. In 
9 cases of intra-abdominal cancer, 6 involving the stomach, 1 the 
abdominal esophagus, 1 the pancreas and 1 the descending colon, all 
considered bad risks for any operative procedure, 5 of the patients were 
reported to be doing well at over eighteen months, fifteen months, fifteen 
months, seven months, and five months respectively after therapy. It 
is pointed out that with increased experience the selection of cases will 
be improved and the technic of radiotherapy enhanced. The procedure 
is as follows: After thorough preoperative investigation and prepara- 
tion, the abdomen is explored. At this point the surgeon, radiotherapist, 
pathologist and anesthetist jointly confer to decide whether the lesion 
is (1) operable, (2) inoperable but suited for cyrative direct irradiation, 
(3) suitable for palliative direct irradiation only, (4) suitable for pallia- 
tive operation only or (5) unsuitable for any treatment. Further reports 
will be awaited with interest. 

DUODENUM 


Diverticula—Centeno,? in a series of 7,772 autopsies, found 
diverticula of the gastrointestinal tract in 64 instances, located as 
follows: esophagus, 12; stomach, 5; duodenum, 20; jejunum and ileum, 
1; Meckel’s, 12, and colon, 14. In 55 patients the diagnosis of diverticula 
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of the duodenum was made by roentgenologic examination. In 36 the 
second portion was involved, in 9 the third portion and in 8 the fourth 
portion; 2 had double diverticula. In these 55 cases several other 
associated diseases were present, explaining the multiple symptoms. 

Obstruction —Kautz, Lisa and Kraft,?°* in studying congenital duo- 
denal obstruction, found that of 300 cases in the literature about 50 of 
the patients were operated on and half of these survived. Six cases are 
reported. Congenital duodenal obstruction is due to atresia. Complete 
atresia is twice as frequent as partial atresia. The clinical findings are 
those of high intestinal obstruction immediately after birth: dilatation of 
the stomach, distention of the duodenum, sometimes with an hourglass 
appearance, complete six hour residue and a lack of intestinal pattern. 

Drucker and Cohen *°* report an instance of a 23 year old woman 
with tremendous dilatation of the first and second portions of the 
duodenum. The dilatations ended abruptly in a constriction which 
resembled a cordlike rigid band a few millimeters in diameter. The 
diaphragm was incised successfully. 

Price and Chang *® report an instance of a newborn infant with 
atresia of the small intestine who had in addition a subhepatic abscess 
and a large abscess of the liver, with calcific deposits in the fibrous wall. 

In a discussion of acute gastroduodenal obstruction in adults, 
Beck **° emphasizes the diagnostic importance of careful roentgenologic 
studies. The obstruction is usually caused by compression of the third 
portion of the duodenum between the superior mesenteric vessels and 
the abdominal aorta. It occurs in the debilitated patient who is forced 
to lie on his back and ‘is aggravated by any condition producing a 
downward tension of the mesenteric vessels. The essentials of therapy 
consist in keeping the stomach empty, replenishing electrolytes and 
maintaining nutrition. McHardy and Browne” report an unusual 
condition in a 6 year old girl in whom compression of the mesenteric arc 
coexisted with a duodenal bezoar. 

Tuberculosis.—Migliaccio *** describes a lesion of the third portion 
of the duodenum, diagnosed histologically by competent pathologists as 
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tuberculosis. There was no pulmonary tuberculosis. In view of the 
fact that tubercle bacilli were not demonstrated microscopically or by 
inoculation of a guinea pig, we consider the diagnosis unproved. 

Ascar‘asis—Chapuy and others 7"* describe again the curious and 
characteristic roentgen aspect of ascariasis in the duodenum. 

Neoplasm.—Of 58 small intestinal tumors reviewed by Hoffman and 
Grayzel,?"* thirty-three, or 56.9 per cent, were benign and twenty-five, 
or 43.1 per cent, malignant. Of the benign tumors, fourteen were 
duodenal, eight jejunal and eleven ileal. Of the malignant tumors, four 
were duodenal, six jejunal and eleven ileal; in 4 instances the location 
was not specified. Of all tumors, 26.4 per cent were duodenal ; 42 per 
cent of the benign and 16 per cent of the malignant tumors were duodenal. 
Of the fourteen benign duodenal growths, four were adenomas and 
six pancreatic rests, and one was a fibroma, one a lipoma, one a gastric 
rest and one a lymphangioma. Melena was the commonest complaint. 

Three non-Vaterian carcinomas and two sarcomas of the duodenum 
were subjected to various surgical procedures by Brunschwig and 
Tiholiz.2**° One patient is alive seven years and ten months postopera- 
tively and 1 three years postoperatively ; a third lived three months, a 
fourth survived one year, with death after a second laparotomy for 
recurrence, and the fifth died seven days postoperatively. 


SMALL INTESTINE 


Review.—Thirty-four articles covering roentgenologic examination, 
tumors, inflammatory processes, deficiency states, congenital defects, 
chemotherapy and massive resection of the small bowel are well reviewed 
by Kiefer.?** ji 

Motility.—In fasting dogs killed after various intervals of time a 
charcoal mixture was found by Van Liere, Stickney and Northup *?" to 
have traversed 54 cm. of the length of the small bowel after eight min- 
utes, 121.2 cm. after fifteen minutes and 154.6 cm. after thirty minutes. 
The findings suggest that the upper half of the small intestine possesses 
a more active propulsive peristalsis than the lower. 
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Necheles and Olson *'* studied the effect of hemorrhage on motility 
in unanesthetized dogs with chronic fistulas and in dogs anesthetized 
with pentobarbital sodium, morphine, barbiturate or ether. Varying 
amounts of blood were withdrawn after a control period. The motility 
of the colon increased in most experiments regardless of the quantity 
of blood withdrawn and independent of the type of anesthesia. The 
motility of the stomach, gastric antrum and small intestine in most 
experiments either was not changed or was depressed. Stimulation, 
however, did occur in a number of experiments and apparently depended 
on the type of anesthesia. 

Rapid intravenous injections of casein hydrolysate (amigen) were 
shown by Learner and his associates **° to produce in anesthetized dogs 
a duodenal hypermotility or a change in the pattern of motility not 
accompanied with significant change in pH, carbon dioxide or chlorine 
content or total base concentration of the blood plasma. The blood 
glucose level was elevated. Neither the hypermotility nor the hyper- 
glycemia was prevented by the administration of atropine or by 
vagotomy. Rapid intravenous injections of casein digest in unanesthe- 
tized patients changed the character of the contractions and often 
accentuated changes in tonus. Subjective sensations and alterations in 
motility were correlated in only half of the patients studied. In normal 
conscious dogs with Thiry’s fistulas of the first portion of the jejunum 
distention of the fistula by means of a balloon resulted in vomiting and 
anorexia. Vagotomy did not abolish the vomiting or anorexia, whereas 
bilateral splanchnicotomy and excision of the lumbar chain did abolish 
the vomiting response. Unilateral denervation was not sufficient. 
Anorexia, however, was not abolished by this operation. Vagotomy, 
splanchnicotomy and section of the lumbar chains abolished both the 
anorexia and the vomiting. It is concluded that vomiting excited by 
intestinal distention is of reflex origin due to stimuli conducted over the 
sympathetic drain. Anorexia may result from impulses carried over both 
the vagi and the sympathetic nerves.**° 

Experiments were undertaken by Pennington, Haney and You- 
mans 7*! to study in unanesthetized dogs the effect on the cardia of 
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distention in a segment of the jejunum (Thiry’s fistula). It was found 
that the cardia is not easily influenced by changes in jejunal pressure. 
However, repeated moderate distention of a short jejunal segment may 
produce a decrease in tonus of the cardia, without evidence of nausea 
or other distress. Secondly, it was found that distention of a jejunal 
segment does not alter the relaxation-contraction pattern of the cardia 
produced by the act of swallowing or by esophageal distention. 

Absorption—While it has been known that isotonic solutions of 
sodium chloride introduced into the ileal segments of dogs become hypo- 
tonic within a short time, Visscher and Roepke **? sought through experi- 
mental work to ascertain the possible effect of alteration of the osmotic 
activity of the blood plasma on the degree of hypotonicity so developed. 
After the elevation of the osmotic activity of the plasma the values for 
intestinal fluid did not approach the former as closely as they did before 
the elevation was produced. The net absorption of water was not 
increased in proportion to the increase in the osmotic gradient. These 
data add to previous evidence that although normal osmotic forces are 
probably contributing factors in the transport of water across the 
intestinal epithelium they are not the primary determinants of the direc- 
tion of magnitude of the transfer. 

Vitamin A tolerance curves, determined in 17 hospital control 
subjects by Hoffman and Dyniewicz *** after the ingestion of 75,000 
international units of vitamin A, were slightly but significantly depressed 
when alumina gel was given in a 1 ounce (30 Gm.) single dose either 
immediately after or before the administration of vitamin A. This 
depression did not occur if alumina gel was given every two hours for 
one or more weeks before the second tolerance curve was obtained. 
No depression of the curve was noted when aluminum phosphate gel 
was used in place of alumina gel. In 33 patients with peptic ulcer given 
alumina gel for two or more weeks the concentration of vitamin A and 
carotene in the plasma showed no deviation from normal. Therapeutic 
doses of alumina gel (or aluminum phosphate gel) have no demonstrable 
effect on the absorption of amino acids, ascorbic acid, glucose and neutral 
fats.?*4 

The administration of succinylsulfathiazole for five days (0.25 Gm. 
per kilogram per day) did not decrease the area of intestinal gas shadows 
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in normal subjects at sea level, as studied in roentgenograms by Ras- 
berry.**° After three days of administration of the drug, however, most 
subjects experienced less discomfort on astent to a simulated altitude of 
36,000 feet (11,887 meters) ; this was attributed to greater ease in expul- 
sion of the gas, due to an increased fluidity of the contents of the bowel. 

Tuft and Tumen *** report 5 cases illustrating a clinical syndrome 
ascribed to intolerance to fats and sugars. The symptoms include ful- 
ness, discomfort, belching, eructation, heartburn, flatulence, cramplike 
pains and irregularities of the bowel, consisting chiefly in attacks of 
diarrhea. These symptoms are clearly those of dysfunction of the bowel, 
whether due to intolerance to fats and sugars as the authors suggest 
by a mechanism admittedly not well understood or to some other process. 
It may be difficult to distinguish between an abnormal response to normal 
irritants and “intolerance.” Studies of tolerance to glucose and fat in 
such cases should be of interest. 

Diverticula.—In two and a half years 25 cases of diverticulosis of the 
jejunum and ileum were noted at the Boston City Hospital. Most of 
the patients were in middle or late life, 1 being in the third decade, 3 in 
the fifth decade and 21 over 60 years of age. In 20 patients the condition 
was jejunal, in 4 it was in both ileum and jejunum and in | it was in the 
ileum. In 10 there was a single diverticulum, 10 had two to four 
diverticula and 5 had five or more diverticula. The association with 
symptoms was not clear, but 22 had vague abdominal distress. Eleven 
had associated duodenal diverticula (44 per cent), 6 had associated 
diverticula of the colon (24 per cent), 5 had esophageal hiatus hernia (20 
per cent) and only 1 had esophageal diverticula.??7 

Klidjian 7*° reports a painless severe rectal hemorrhage lasting twen- 
ty-four hours. At operation eight diverticula were found in a 35 cm. 
segment of the proximal jejunum, the first one being situated 10 cm. 
from the duodenojejunal flexure. The largest one, 3.8 cm. in diameter, 
contained a hard stone. Resection of the affected loop with an end to 
end anastomosis was made. The source of the bleeding was not dem- 
onstrated. 

A 53 year old woman seen by Shutkin *?° complained of steady severe 
pain in the upper abdominal and left periumbilical areas, followed by 
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vomiting. Two weeks later a similar attack occurred. The author saw 
the patient in the third attack. The temperature was 100 F. and the 
leukocyte count 15,650, with 91 per cent polymorphonuclear cells; 
the abdomen was distended and tympanitic ; the skin of the left side of the 
navel was hyperesthetic. Roentgenologic examination revealed three 
diverticula in the proximal part of the jejunum. Ten days later the 
patient was hospitalized, with recurrent symptoms, and laparotomy 
revealed a perforated diverticulum the size of a walnut. 

Meckel’s Diverticulum.—An analysis of 61 cases of Meckel’s diver- 
ticulum from 1934 to 1944 at Duke Hospital by Howell **° disclosed 
these facts: The incidence of the anomaly was less than 0.1 per cent. 
The average duration of symptoms in acute diverticulitis was forty-nine 
and one-tenth hours; characteristically the patient had abdominal pain, 
at first periumbilical and later localizing in the right lower abdominal 
quadrant; nausea was usually present without vomiting. Intestinal 
bleeding occurred in 10 per cent of the instances of diverticula. In only 
12 per cent were the symptoms diagnosed correctly preoperatively ; in 
60 per cent the diagnosis was appendicitis. Aberrant gastric mucosa 
was present in 24.6 per cent. 

Atwood **? reports an invaginated Meckel’s diverticulum resulting 
in death; Grattan *5* describes a fatal: case of gangrene. 

On the basis of 4:new cases and a review of the literature, Lund *** 
discusses peptic ulcer of Meckel’s diverticulum. Emphasis is laid on 
profuse periodic rectal hemorrhages and a tendency to perforate, the 
latter present in 60 per cent of the known cases. 

Hemorrhage.—Jones *** reports 4 cases of obscure hemorrhage in 
which the patients were found to have, respectively, congenital anomaly 
of the intestine with heterotopic gastric mucosa and chronic diffuse 
enteritis, an ulcer of Meckel’s diverticulum, an ulcerated leiomyofibroma 
in the jejunum and a large Meckel’s diverticulum resembling a miniature 
stomach the size of an orange. 

Massive hemorrhage occurring three weeks after shrapnel injury 
and surgical repair of jejunal perforations is reported by Hawkes and 
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Spencer.*** In twenty-four hours the patient received 14,500 cc. of 
transfused blood. Recurrent bleeding the following week necessitated 
the administration of 35 pints of blood (17,500 cc.) in addition to other 
fluids. The patient recovered after excision of the segment of jejunum 
previously repaired; a large bleeding vessel was found in an eroded 
area. 

In hemorrhage clinically considered to be due to Henoch’s purpura 
the first portion of the jejunum, according to Whitmore and Peterson,*** 
appeared roentgenologically to be dilated with irregularities of the 
mucosal outline, resembling small diverticula or ulcers. The process 
involved 25 cm. of the upper jejunum. A roentgenogram one month 
later showed much improvement. 

Paralytic Ileus—Bastenie,”** in an interesting paper, describes the 
intestinal disturbances manifested in 29 cases of severe hypothyroidism, 
10 of which came to autopsy. These disturbances varied from simple 
constipation to megacolon and from abdominal distention to intestinal 
obstruction. When present, intestinal paresis appeared gradually ; spon- 
taneous defecation was absent for as long as a week, flatus was rarely 
passed and enemas produced only a few scybala. Roentgenograms 
revealed distended loops of bowel, sometimes with fluid levels. In some 
cases the onset was so rapid as to suggest the presence of a cyst or 
tumor. Thyroid therapy was not effective if begun too late. 

Mechanical Ileus ——Wangensteen,”** in an excellent paper, reviews 
the clinical aspects of the problem of intestinal obstruction. Drake °*° 
reports another instance of high obstruction, produced by a faceted gall- 
stone, 2.5 by 2.5 by 3 cm. in diameter, in the jejunum. Russell ?*° 
emphasizes the value of colonic irrigation as a diagnostic and therapeutic 
procedure. He also calls attention again to the old observation that on 
digital examination the mechanically obstructed bowel may be found 
collapsed against the examining finger whereas in paralytic ileus the 
rectal ampulla is usually dilated. 

Moses,”** in a review of 118 cases of acute intestinal obstruction 
seen in a large hospital from Jan. 1, 1943 to March 1, 1945, found that 
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the mortality rate for 18 patients not operated on was the same as it was 
for 90 who were operated on (8 per cent). Immediate operation led 
to poorer results than delay, provided vigorous preoperative therapy was 
given. Moses concludes that surgical intervention should be postponed 
until the pulse rate is stabilized below 110, the blood pressure at least 
near normal, the acid-base balance restored, hydration achieved, the 
definitive treatment of complications under way and the general effects 
of shock alleviated. Zeitlen and Mazel **? discuss the dangers attendant 
on the improper use of the Miller-Abbott tube. 

Barney and others, *** in a study of 221 soldiers with abdominal 
wounds contaminated with feces who survived and returned to civilian 
life, found that in 12.6 per cent obstruction developed later. All types 
of obstruction of the small bowel were encountered, including fixed 
kinks, closed loops, traction volvulus and internal herniation. The his- 
tory of an abdominal wound received in war, the presence of scars in the 
abdomen and the rapid onset of cramplike abdominal pain with nausea 
and vomiting constitute the clinical picture. The treatment advised is 
early operation. The routine use of the Miller-Abbott tube is not 
favored because of the high incidence of strangulation. Colonic obstruc- 
tion is best treated by decompression, correction of fluid and electrolyte 
balance and one stage resection or anastomosis of the bowel. 


Intra-Abdominal Bands.—Larson *** describes 3 instructive cases of 
partial intermittent intestinal obstruction, due in 2 to intraperitoneal 
bands of unknown origin without previous celiotomy or injury. 

Internal Hernia.—Hollenberg **° reports the first case on record of 
a hernia through the foramen of Winslow, wherein a preoperative 
diagnosis was established from the roentgenologic investigation. The 
right half of the transverse colon, ascending colon and cecum were 
involved. The tip of the appendix was seen high under the liver. 

Ravdin and Hodes *** report a retroperitoneal hernia involving a 
small portion of the distal ileum. The thin, transparent and avascular 
sack also contained Meckel’s diverticulum, causing the obstructive symp- 
toms. Preoperative roentgenologic studies pointed to the correct diag- 
nosis. Surgical treatment, with complete resection and anastomosis, 
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was successful. The herniation consisted of a trapped portion of the 
ileum lying behind a mesenteric veil of the ascending colon. Apparently 
in the primary rotation of the intestine and the subsequent movement 
of the large bowel to the right and downward the involved portion of 
small intestine became imprisoned between the mesentery and the colon. 


Paradvodenel Hernia.—The 2 cases of paraduodenal hernia seen 
at the Lahey Clinic in the past nineteen years are reported by Lahey 
and Trevor,?** who warn that in every patient with unexplained and 
persistent abdominal symptoms the region of the ligament of Treitz 
should be included in the general exploration of the abdomen. 

Intussusception.—Smith *4* describes 35 cases of intussusception, in 
31 of which the patients were subjected to operation, with a mortality 
of 16.1 per cent. There were 24 males and 11 females, with ages ranging 
from 5 weeks to 60 years. The ileocecal or ileocolic variety was found 
in 50 per cent of the entire group. Nausea, vomiting, pain and a palpa- 
ble abdominal mass were the most constant symptoms. In 3 cases 
rectal examination disclosed masses not palpable in the abdomen. Sur- 
gical therapy consisted in a reduction of the intussusception from below 
upward except in the 8 cases in which resection was done. The inci- 
dence of recurrent intussusception was low. ; 

V olvulus.—Tiscenco *** presents a detailed roentgen description of 
subacute volvulus of the terminal ileum. The continuity of the normal 
mucosal folds with those of the stenosed segment was demonstrated ; 
at the junction they resembled a twisted and kinked ribbon. The 
preserved contractibility and smoothness of the strictured lumen, the 
integrity of the mucosal folds and the spontaneous unfolding of the most 
twisted segment after a barium meal were noteworthy. Operation dis- 
closed evidence of a recurring incomplete volvulus of the terminal ileum 
due to congenital absence of proper mesenteric fixation. 

Seven cases of volvulus of the small intestine in East African natives 
are described by Kerr and Kirkaldy-Willis.2*° One patient had diarrhea 
and another passed blood and mucus by rectum. The duration of symp- 
toms varied from one hour to four days. Reduction was carried out by 
exteriorization and rotation until the mesentery lay straight. The bowel 
was emptied by open enterostomy. The abdomen was not drained. 
There were no adhesions or other apparent cause within the abdomen 
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for the rotation except in a case in which two tapeworms, each 4 feet 
(121.9 cm.) long, were found tied together in a massive knot at the 
upper end of the jejunum. Two of the cases were complicated by 
rotation of the cecum and ascending colon; in 1 an accompanying volvu- 
lus of the pelvic colon was discovered after reduction of the volvus of 
the small intestine. There was 1 death from peritonitis. The reduction 
in mortality rate is attributed to the postoperative use of gastric suction 
and the intravenous injection of isotonic solution of sodium ‘chloride. 
The practice of the African native of taking large gruel meals is consid- 
ered to be the factor responsible for the development of the volvulus. 


Postirradiation Stricture—Saltzstein ** reports an instance of intes- 
tinal obstruction due to adhesions following prolonged roentgenologic 
therapy for carcinoma of the fundus uteri. 

Scleroderma.—In a patient with scleroderma, Pugh, Kvale and 
Margulies *°* noted roentgenologically stiffness of the esophagus with 
an absence of peristalsis. In the small intestine perisalsis was sluggish 
and contractibility diminished. These abnormalities, together with 
the pulmonary changes present, were interpreted as visceral manifes- 
tations of scleroderma. 

Intestinal Tuberculosis—Adams and Miller *** present their experi- 
ence in the surgical treatment of intestinal tuberculosis in 19 patients. 
Abdominal fistulas were closed in 4 patients, with recurrence in 3; 
the closure was maintained at least three and a half years in the fourth. 
Resection of the right side of the colon, with formation of a Mikulicz 
ileotransverse colostomy and secondary closure was done in 7; in 1 
there was coexisting adenocarcinoma, with death two and a half years 
later from carcinomatosis. Four patients did well from nine months 
to three and a half years later; in 1 recurrence resulted in death four 
years after the initial operation. Resection of the right side of the 
colon with primary ileocolic anastomosis was accomplished in 3 cases, 
with postoperative death in 1. In two segmental resections of small 
bowel with primary anastomoses the patients experienced a recession 
of symptoms for one year. Two side-tracking ileotransverse colostomies 
were done, with death occurring twelve days later in 1 and seven 
months later in the other.- One resection of the sigmoid resulted in 
a painful abscess, treated by permanent colostomy; a draining perineal 
sinus persisted for two years, but pain was relieved. 
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Taylor *** describes 3 cases of hypertrophic ileocecal tuberculosis ; 
in 1 chronic tuberculous mesenteric lymphadenitis was present with 
ileal changes similar to those characteristic of Crohn’s disease. 

Regional Enteritis —Several interesting studies of regional enteritis 
have been reported. In Brown’s *** 12 cases no pathognomonic symptom 
complex was found. Most of the lesions were in the terminal ileum, 
but some were in the jejunum and even the duodenum. The roent- 
genologic signs in order of importance were‘as follows: deformity of 
the contour, narrowing of the lumen, hourglass constriction, loss of 
mucosal pattern, rigidity and immobility, internal fistulous tracts, 
malposition of neighboring intestine, hypermotility and stenosis. In 
all cases surgical treatment was used; in three recurrences roentgenologic 
therapy was tried with remarkable results. 

An analysis of 17 cases by Pugh *°* disclosed the following incidence 
of symptoms: pain in 16 cases; diarrhea, loss of weight and anemia in 
7 cases; obstruction in 3 cases, and hemorrhage in 1 case. Among the 
findings, leukocytosis occurred in 17, Kantor’s string sign in 10, exten- 
sion to the colon on roentgenologic study in 9, internal fistula in 6, 
external fistula in 4 and “skip areas” in 3. 

In 3 cases the disease was managed medically successfully, 2 patients 
receiving penicillin. Among 14 surgically treated patients, there was 1 ' 
fatality. The cause was not determined, though sensitivity to sulfonamide 
drugs was suspected. A one stage procedure was employed in 12 cases. 
In 3 of the patients subjected to operation penicillin was used, with 
apparently beneficial effects. 

In two years Asencio-Camacho *** performed fifteen resections for 
acute regional enteritis in Puerto Rico. The clinical impression was 
usually acute appendicitis or mesenteric lymphadenitis. Hyperplastic 
lymphadenopathy with diffuse submucosal edema and intense cellulitis 
with dilatation of the lymphatics was noted in 8 cases. “Skip lesions” 
were present in 3 and tubular fibrotic stenosing enteritis in 4. The 
author considers regional enteritis to be a functional disorder of the 
lymphatic system, giving rise to phases of hyperplasia, “skip lesions” 
and intestinal fibrosis. 

The series reported by Kiefer and Ross *** consists of 102 cases, 
in 11 of which the disease was in the acute stage. Pain was the most 
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frequent symptom and diarrhea the second most frequent. Ileocolostomy 
without resection was unsatisfactory in complicated cases. The operative 
mortality in ileoascending colectomy was remarkably low. It is con- 
cluded that conservative management is indicated in the early acute forms 
of the disease, in mild chronic uncomplicated terminal ileitis and in 
uncomplicated segmental enteritis with extensive involvement of the 
jejunum and ileum; chronic terminal ileitis is best treated surgically. 
Tomaszewski *** gives a general review of the subject. 


Inberg describes ?*° “a new symptom of ileitis,’ a referred pain 
in the right flank on both sides of the highest point of the iliac crest and 
in the iliac fossa close to the bone; he suggests that the pain is of a 
neurologic nature, subsequent to lymphadenitis secondary to Crohn’s 
disease and affecting the narrow zone in the flank where the iliohypo- 
gastric and ilioinguinal nerves lie near the surface. Diagnostic analgesia 
relieves the pain. We are not favorably impressed by the description. 

Several case reports are of interest. The patient described by 
Einhorn anc Pickhardt *** had vague symptoms of intestinal obstruction 
and a palpable abdominal mass; cure was effected by resection of 
extensive segments of the ileum and sigmoid. Extensive involvement 
of the upper part of the jejunum and terminal segment of the ileum was 
treated by Gendel and Beaver ** with a one stage resection and anas- 
tomoses. The proximal portion of the jejunum was involved (18 inches 
[50.8 cm.]), beginning approximately 12 inches (30.5 cm.) from the 
ligament of Treitz. This was resected. Approximately three months 
later spontaneous perforation of the jejunum (not in the line of resection) 
necessitated a laparotomy; an abscess was evacuated, and the involved 
segment of jejunum was resected. Penicillin, 2,750,000,000 units, was 
administered in a period of two weeks. In August 1946, four months 
after the initial operation, the patient was discharged, having gained 
44 pounds (20 Kg.) in weight. In Mazel’s *** patient the atypical 
symptoms were suggestive of steatorrhea. In Koenig’s ** case of chronic 
jejunitis there were numerous tubercle-like granulomas in association 
with a considerable amount of foreign material. No etiologic agent 
could be established. 
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Bennett **° reports 2 cases in which a palpable mass in the right 
lower abdominal quadrant brought the patient to laparotomy. One 
of these is particularly instructive. At operation a _ preliminary 
short-circuiting operation was done because of a “tumor” involving 
the cecum and the lower 3 inches (7.6 cm.) of the ileum. When the 
abdomen was opened later for the second stage, the “tumor” previously 
noted was not in evidence, the involved parts being entirely normal. 
Two years later the patient, a woman aged 39, was in good health. 
The occasional reports of such instances suggest that resolution takes 
place in this disease much more frequently than has been realized here- 
tofore. 

In a boy with normal development to the age of 13 anorexia, loss of 
weight and abdominal cramps began to develop. Secondary sex 
characteristics were absent at the age of 17 when he was first seen by 
Alvarez. A roentgenogram revealed a stenosing hyperplastic ulcerat- 
ing enteritis of the upper part of the jejunum. At operation 5 feet 
(152.4 cm.) of involved intestine was removed. Adult physical charac- 
teristics appeared after operation, but severe ulcerative colitis developed. 
We note that more and more cases of regional enteritis and ulcerative 
colitis occurring concomitantly or in sequence in the same person are being 
seen and reported, thus suggesting an etiologic relationship in spite of 
the different pathologic manifestations. 


Benign Tumors.—Baker and Halley *** report two neurofibromas, 
with recurrent intestinal bleeding as the chief symptoms. In severe 
intestinal hemorrhage of undetermined cause, with bright red blood in 
the stool, a search should be made for a benign tumor of the small bowel. 


Endometriosis —Wood and others *** describe a 38 year old woman 
with attacks of pain in the lower area of the abdomen coinciding with 
the menstrual periods, shown at operation to be due to endometriosis 
involving 3 inches (7.6 cm.) of the ileum. 

Carcinoids—Two carcinoids of the ileum, one with symptoms 
suggestive of recurrent appendicitis and the second with partial obstruc- 
tion of the bowel, are reported by Reynolds and Cantor.?*° There were 
no metastases. In the case described by McNeely and Jones ?"° multiple 
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growths of the small intestine, with the typical histologic picture of a 
malignant carcinoid tumor and secondary involvement of the regional 
lymph nodes and liver, were found at autopsy in a patient with the 
classical clinical picture of pellagra, including pigmentation of the skin, 
lesions of the mouth and tongue and edema of the intestine. The stools 
contained no fat. 

Dickson and others **! report a carcinoid of the ileum, with a large 
retroperitoneal metastasis and extensive involvement of the mesentery. 
The primary lesion of the ileum was resected. The authors reemphasize 
the fact that carcinoid tumors must be regarded | as carcinomas of slow 
growth and low grade malignant nature. 


Carcinoma.—Thirty-eight consecutive cases of verified primary 
malignant disease of the small intestine are reviewd by Shallow, Eger 
and Carty,?*? who add a case of a jejunal carcinoma producing a 
contact fistula to the terminal ileum. Three per cent of intestinal car- 
cinomas and 60 per cent of intestinal sarcomas occur in the small intestine. 
Sarcoma is commoner in the ileum and carcinoma least frequent there. 
The operative mortality is 44 per cent, highest in duodenal lesions and 
lowest in the jejunal group. Two cases are added by Emmett and 
Dreyfuss,?** and 1 is added by Mulligan *** in which there was associated 
hyperplasia of the parathyroid glands and generalized osteoporosis. 


Sarcoma.—Berman and Mainella *** found in the literature detailed 
follow-up studies of 103 patients with lymphosarcoma of the intestine ; 
of these, 14 (13.6 per cent) survived five years or more. A report of 
a case in which there was a five year survival is presented, and the 
records of 2 other such cases are briefly discussed. 

Twenty-one cases of lymphoblastoma of the small intestine were 
found by Fryfogle, Kiernan and Dockerty ?** to originate in single 
small follicles of the small bowel. These follicles are plentiful in the 
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ileum, fewer in the jejunum and almost nonexistent in the duodenum. 
Abdominal pain and low grade intestinal obstruction were the commonest 
symptoms. Prognosis from the histologic appearance was not possible. 

Mascheroni and others *** report a lymphosarcoma of the ileum. 


APPENDIX 

Incidence of Appendectomy.—Stiles and Mulsow *7* found that 10 
per cent of 2,968 college students had undergone appendectomy at some 
previous time. 

Acute Appendicitis—O’Connor *** made a statistical study of 2,000 
cases of appendicitis. The position of the appendix was found to be 
retrocecal in 23.4 per cent, retroperitoneal in 3.4 per cent and medial 
to cecal or pelvic in location in 73.6 per cent. The pathologic changes 
were of the acute catarrhal suppurative type in 56.90 per cent and of 
the gangrenous type in 5.90 per cent ; the appendix was ruptured in 6.55 
per cent. In 587 cases, or 29.35 per cent of the entire series, chronic 
appendicitis was evident; in 7.3 per cent no disease was found. In the 
postoperative treatment sulfonamide drugs were given either by mouth 
or by vein or both in 108 cases (8.5 per cent) and intraperitoneally dur- 
ing operation in 87 per cent. The mortality was 54 cases, or 0.25 per 
cent. O’Connor emphasizes the value of sulfonamide drugs in adequate 
dosage intraperitoneally with liberal use of Wangensteen drainage and 
intravenous injection of fluids. 

The mortality in Lyall’s **° 480 consecutive cases was 0.5 per cent 
with the use of sulfonamide powder intraperitoneally. 

Norris **' reviews 1,000 cases of appendicitis in children seen over 
a twenty year period. Abdominal pain, nausea and vomiting and fever 
were the chief complaints. The white blood cell count averaged 16,700, 
varying from 3,100 to 60,000. Tenderness in the right lower abdominal 
quadrant was present in 989 and rigidity in 681. The process was acute 
in 667 cases; in 416 of these appendectomy was performed before per- 
foration occurred. The over-all mortality was 3.2 per cent (1,000). 
There were no deaths in 246 elective cases, 1.15 per cent mortality in 87 
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cases of subacute disease, 4.65 per cent mortality in 667 cases of acute 
disease and 10.76 per cent mortality in 251 cases of acute disease with 
perforation. Delay in the hospitalization of patients was the greatest 
cause of mortality and morbidity. The sulfonamide drugs were the 
most important factor in the reduction of the mortality. Postoperative 
pneumonia was the commonest cause of death before 1939. 

In eighteen months 1,500 appendectomies, with only 1 death, were 
carried out by Crile and Fulton **?; 65 per cent of the patients had true 
acute appendicitis. Early diagnosis, the health and youth of the patients 
and the fact that only an occasional patient had taken a cathartic after the 
onset of symptoms were important factors in the low mortality. Chemo- 
therapy with penicillin and antibiotics was of great value in controlling 
infection. Most patients with symptoms for forty-eight hours or more 
were treated conservatively, operation being deferred for a month or 
more. Gastric suction and Miller-Abbott intubation were used when 
needed. In complicated cases penicillin was given in doses of 100,000 
units every two hours intramuscularly. 


Unusual Forms and Complications Babcock ?** directs attention 
to a variety of unusual types of appendicitis with atypical clinical mani- 
festations. Posterior or retrocecal appendicitis often lacks the intense 
local tenderness and rigidity present when the organ is close to the 
anterior abdominal wall. Inflammation of an appendix located in the 
pelvis is characterized by epigastric distress and nausea, followed by 
fever and leukocytosis but without either rigidity or tenderness at 
McBurney’s point. The appendix not infrequently is found in a hernial 
sac, particularly that of an inguinal hernia on the right side. The 
absence of the tense, distended sac differentiates the condition from the 
usual strangulated hernia. The signs and symptoms of lumbar appendi- 
citis are striking and characteristic. The attack begins, as in the usual 
form of appendicitis, with epigastric distress, nausea, moderate fever, 
elevation of the pulse rate and polymorphonuclear leukocytosis. The 
pain, tenderness and rigidity, however, localize in the lumbar muscles 
on the right above the crest of the ileum. The patient may complain of 
pain and tenderness in the anterior surface of the right thigh, in the 
right scrotum or, in the female, in the right labium majus. There also 
may be vesical irritability and hematuria. A degree of lumbar scoliosis 
with concavity to the right may develop, and later, from the inflammatory 
exudate, the margins of the right psoas muscle may appear blurred on 
roentgenologic examination. Occasionally, from a retrocecal or pelvic 
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appendix a persistent sinus forms or recurrent abscesses develop until 
the appendix is removed. Persistent or recurrent discharging sinuses 
having a course anywhere near a possibly diseased appendix should 
be investigated as of possible appendical origin. Most of the appendix 
may have been removed previously through operation or necrosis, yet 
a small portion with mucous lining, a fecal concretion, 2 nonabsorbable 
suture or ligature or other foreign body may be responsible for per- 
sistence of the sinus. 

Rubenstein and Johnson *** discuss 20 cases presenting the signs and 
symptoms of acute appendicitis in conjunction with salmonella infection ; 
18 came to operation. Histopathologic examinations disclosed evidence 
of acute, subacute or gangrenous appendicitis in 7 and no acute inflamma- 
tion in 11. Review of the preoperative studies was not helpful in seek- 
ing a method for the differentiation of one group from the other. Five 
different varieties of Salmonella were found in the 17 cases in which 
the organism was typed. Salmonella typhi murium and S. newport were 
isolated in cases of acute inflammation of the appendix and in cases 
without such inflammation. In all 6 cases of infection with S. paratyphi 
involvement of the lymphoid tissue of the appendix or mesenteric nodes 
was the most significant pathologic process. An unexplained fever after 
appendectomy should raise the question of underlying infection with 
Salmonella. . 

Gilje and Lampson **° report acute appendicitis associated with active 
amebic dysentery. 

Ravdin and North *** observed 13 patients with coexistent malaria 
and symptoms of acute appendicitis ; in 10 the appendix was found to be 
acutely inflamed. The authors conclude that if the signs and symptoms 
suggest an acute condition within the abdomen requiring surgical treat- 
ment it is safer not to delay operation too long unless prompt improve- 
ment follows antimalarial therapy 

Greene **? reports an instance of infectious mononucleosis simulating 
a surgical emergency for appendicitis. 

Haddon *** describes a fatal instance of appendicitis involving the left 
side. The small bowels was confined to the right side, and the cecum and 
the ascending and descending colon occupied the left. Capone and Mil- 
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ler 2° report a similar instance with dextrocardia in a 10 year old boy, 
with operative recovery. 

Courty *°° reports an instance of appendicitis with pelvit peritonitis 
in which the periappendicular inflammatory reactions simulated recto- 
sigmoidal cancer. 

Roque Suarez **! reports 2 cases of diverticulosis. of the appendix: 
In the first, acute appendicitis was present and the diverticulum was an 
incidental finding; in the second, pain in the right lower abdominal 
quadrant, diagnosed as “chronic appendicitis,” had existed for one year 
and the diverticulum was the only abnormality found at operation. 

Bergeret and Cotillon 7°? give an excellent discussion of appendicular 
invagination, with a report of 11 cases. Intussusception of the appendix 
into itself, the third instance to be reported in the literature, is described 
by Ingersoll and Meigs.*** It was preceded, apparently, by an attack 
of acute appendicitis. 

In the appendixes of 898 patients studied by White and Ellis ?%* one 
polyp (0.11 per cent) was noted. Familial polypoid hypertrophy of the 
mucosa and reactive hyperplasia following prolonged inflammation are 
suggested as possible factors of pathogenesis. 

Alecha and Deluchi-Levene *** report an epithelioma of the appendix. 

Morehead and Woodruff *% describe three incorrect diagnoses of 
acute appendicitis, the lesion found being a solitary lymphoma of the 
appendix. 

Delannoy and Verhaeghe **’ report a case in which a 24 year old man 
was operated on after a diagnosis of acute appendicitis and found to 
have a single ulcer of the cecum, which was treated successfully by 
hemicolectomy performed on the right side. 
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PARASITIC AND DIARRHEAL DISEASES 


Amebiasis —Browne and McHardy *** ably review the recent litera- 
ture of amebiasis. Manson-Bahr *** outlines the British conceptions of 
the disease. In active amebiasis ulcers are visible in the rectum in 80 per 
cent of the instances. In sigmoidoscopies on 258 patients amebic ulcers 
were demonstrated in 234; in 74 active amebas were found in the scrap- 
ings. In 26 this was the only way the diagnosis could be made. Of 
535 cases encountered in twenty years, in only 1 was the disease fulmi- 
nating and rapidly fatal. Acute fulminating conditions as encountered in 
Burma and India seldom occur in civilian practice. For the most part, 
amebiasis is a water-borne infection ; it occurs in areas with poor sanita- 
tion and fertilization with human feces. In the United States the mean 
rate of infestation is reported at about 11.6 per cent ; in Colombia (South 
America) it is 60 per cent, in China (Peiping) 20.3 per cent, in Java 
23.6 per cent, in India (Madras) 21.9 per cent, in the Kola Peninsula 
(Arctic circle) 60.6 per cent and in English recruits 5.2 per cent. In 
Manson-Bahr’s experience, emetine hydrochloride in courses at regular 
intervals and emetine bismuth iodide in doses of 2 to 3 grains (0.12 to 
0.2 Gm.) for a total of 20 to 30 grains (1.29 to 1.94 Gm.) given in 
gelatin capsules or in sugar-coated form is usually successful in the 
eradication of the parasite and the relief of the symptoms. Daily rectal 
retention enemas of “quinoxyl” (chiniofon) in a 2.5 per cent solution and 
in amounts of 7 ounces (210 Gm.), to be retained six to eight hours for 
ten days, are of value. In 31 cases the relapse rate was 3.7 per cent 
in one year. 

Neutral, cationic and anionic synthetic detergents were tested for 
cysticidal properties. Four of the cationic detergents were found to be 
efficient cysticides. [he possible use of these substances for the sanita- 
tion of eating utensils, cleansing of shellfish, cleansing and disinfection 
of contaminated fruits and vegetables to be consumed raw and the 
cleansing of water mains is to be considered. The use of these substances 
in the disinfection of drinking water is still in the experimental stage.*°° 

Druckmann and Schorr * studied the roentgenologic appearance of 
amebic colitis. The diffuse type is not characteristic and resembles that 


298. Browne, D. C., and McHardy, G.: Review of Recent Literature on 
Amebiasis (1944-1945), Gastroenterology 6:191-196, 1946. 

299. Manson-Bahr, P.: British Conceptions of Amebiasis and Amebic Dysen- 
tery, M. Rec. 159:213-216, 1946. 

300. Fair, G. M.; Chang, S. L.; Taylor, M. P., and Wineman, M. A.: 
Destruction of Water Born Cysts of Entamoeba Histolytica by Synthetic Deter- 
gents, Am. J. Pub. Health 35:228-232, 1945. 

301. Druckmann, A., and Schorr, S.: The Roentgenological Manifestations of 
Amebiasis of the Large Intestine, Am. J. Roentgenol. 54:145-148, 1945. 




















PALMER ET AL—GASTROENTEROLOGY 113 








of idiopathic or ulcerative colitis. The localized type is denoted by the 
following signs: the relative length of the filling defect ; the often multiple 
sites of constriction ; the incompleteness of the narrowing of the lumen 
as compared with that in malignant stenosis; the insignificance or even 
absence of pain on distention by the barium enema in contrast with the 
acute pain of malignant stenosis; the gradual merging of the filling defect 
into the normal contours of the intestine; the partial maintenance of 
elasticity of the intestinal wall in amebiasis as evidenced by the widening 
of the lumen on introduction of barium; the more or less normal mucosal 
relief in the involved portion, and the more or less complete restoration 
to normal after vigorous antiamebic treatment. 


In a group of 119 patients with suspected or proved amebiasis 67 
were examined roentgenologically by Golden and Ducharme.**? Defor- 
mity of the cecum was found in 30; of these, 21 had proved amebiasis, and 
in the other 9 the presence of the disease was not disproved. Of 53 
patients with amebas in the stools, 33 had no abnormality of the cecum. 
Cecal deformity seemed more likely in patients with intestinal symptoms 
than in those without. Deformity was not found in two thirds of the 
patients with amebiasis. Cropper *°* emphasizes the importance of 
proctosigmoidoscopy. 

There are several instructive reports of amebiasis in the armed forces. 
Monthly examinations of purged stools of mess personnel in the Middle 
East by Tallant and Maisel *°* revealed that 36.4 per cent acquired infec- 
tion with Endamoeba histolytica during the two year period from 
November 1942 to November 1944. Ninety per cent of the native work- 
men examined had one or more pathogens in the feces ; 22 per cent had 
E. histolytica. At the time of admission 26.5 per cent of 464 patients 
were asymptomatic; 35.7 per cent had mild symptoms, 24.4 per cent 
moderate symptoms and 13.4 per cent severe symptoms. No diarrhea 
occurred in 41.8 per cent. Loose stools were described in 38.8 per cent, 
and 24.4 per cent had severer diarrhea. Abdominal pain was present 
in 57.5 per cent, tenderness in 40.7 per cent, elevation of temperature in 
15.6 per cent and leukocytosis in 11.9 per cent. Of the group with acute 
amebiasis, 18.1 per cent had a dysenteric stool, and of those with chronic 
amebiasis, 16.7 per cent. Sigmoidoscopically, 10.1 per cent of the 
patients with acute amebiasis, 10.2 per cent of those with chronic infec- 
tion and 75 per cent of the carriers had a normal-appearing bowgl wall. 
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Amebic involvement was found in 3.2 per cent of the appendectomies in 
the two year period. 

Edson, Ingegno and D’Albora *** observed .39 cases in Northern 
Ireland. The clinical manifestations were mild; in the majority there 
was no blood, diarrhea or ulceration visible on proctoscopy, and motile 
amebas were not demonstrated in the stools or bowel scrapings. The 
source was not determined, but 26 of the patients were members of the 
same division. A survey of the stools of food handlers revealed that 20 
per cent were cyst carriers. The soldiers had been on maneuvers in 
Tennessee and Louisiana. Of the group, 36 had diarrhea, 35 abdominal 
pain, 11 nausea, 10 audible peristalsis, 10 loss of weight, 9 bloody diar- 
rhea, 8 vomiting, 7 fatigue, 5 constipation, 4 fever and 2 pain in the 
chest. Twenty-seven had short bouts of diarrhea characterized by four 
to eight watery or loose stools daily. The duration of symptoms was 
three months or less in 16, three to twelve months in 11 and more than 
one year in 12. In 4 of the 39 patients the characteristic ulcers were 
seen proctoscopically ; in 3 others ulceration with generalized inflamma- 
tion was noted. Examination of the stools revealed cysts in 26 of the 
group. In 13 others cysts or active amebas were found in proctoscopic 
specimens. Seven of the 39 were thought to have hepatitis. Response 
to carbarsone and chiniofon seemed good, but follow-up was not possible. 
In frank diarrhea and hepatitis emetine hydrochloride was used. Of 13 
patients receiving emetine hydrochloride, electrocardiographic evidence 
of myocardial irritation was observed in 1. 

In 1,000 consecutive unselected military returnees from overseas 
examined by Marion and Sweetsir °° E. histolytica was demonstrated in 
168 ; 76.2 per cent were asymptomatic carriers, 20.2 per cent had chronic 
amebic dysentery and 3.6 per cent had acute amebic dysentery. The 
highest incidence was found in those who served in tropical areas over- 
seas and in those who resided in the Southern states prior to enlistment 
in the army. : 

Ninety-five cases of amebiasis were found in a total population of 
5,575 inmates and employees in a hospital for the insane. There were 
10 deaths, all before the institution of a program of intensive treatment. 
Specimens of stools were obtained from 1,822 symptomless persons in 
the institution, of whom 1,184 were inmates and 638 employees. The 
incidence of amebiasis was 7.5 per cent in the inmates and 5.5 per cent 
in the employees. An average of 2.6 specimens were examined for each 
inmate and 3.2 specimens for each employee. Fourteen per cent of the 
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374 inmates employed as food handlers and 6 per cent of the paid 
employees handling food were carriers.°” 

Two cases of amebic granuloma of the anal region are described by 
Howells.*°® Both responded well to antiamebic treatment. Ameboma 
may occur years after the last recognized attack of dysentery. 

Silverman and Leslie *°® report 3 complicated, fatal cases of untreated 
ulceronecrotic amebic colitis with extensive and diffuse involvement of 
the colon. In 1 of them Bacterium dysenteriae (Duval) was also found 
in culture of the stools. 

Hargreaves **° considers emetine hydrochloride to be the most etfec- 
tive amebicidal drug even though it brings about recovery in only a small 
percentage of cases. The most efficient method of administration is 
to give 3 grains (0.2 Gm.) of emetine bismuth iodide nightly for ten 
days. The action of other drugs is discussed. Secondary bacterial infec- 
tion is an important factor in severe refractory disease; in such cases 
administration of penicillin alone or succinylsulfathiazole and penicillin 
may bring about dramatic improvement and even be life saving. 

An anhydrous form of lactic acid used by Sokoloff *" to treat 62 
patients with acute and chronic types of infestation resulted in complete 
recovery in 54 per cent, no significant improvement in 19 per cent and 
considerable improvement in the remainder. Combined with iodine, this 
therapy was considered encouraging in its results. 

Bruce *!? used neoarsphenamine in the treatment of 15 patients with 
amebiasis. In 1 patient with severe dysentery there was a striking 
decrease in diarrhea, in 2 the diarrhea continued and in the majority 
the stools became sterile. 

The use of neoarsphenamine was found to be effective, although 
because of the inconvenience of intravenous administration, it does not 
enjoy the popularity of other arsenicals given by mouth. Nevertheless, 
it is one more weapon available for those forms of amebiasis resistant to 
other methods of therapy. 

Hawe *!* reviews in detail the surgical aspects of intestinal amebiasis. 
Perforation occurs in less than 3 per cent of the cases. The difficulty 
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in the differentiation of acute amebiasis and acute appendicitis is empha- 
sized. Operation should not be advised in the presence of an inflam- 
matory mass until the possibility of cecal amebiasis has been excluded. 
Appendectomy and cecostomy have no place in the treatment of this 
condition. 

Schistosomiasis —In keeping with the increased current interest in 
schistosomiasis japonica because of the exposure of Americans in the 
Orient, Faust, Wright, McMullen and Hunter *"* review the manifesta- 
tions and diagnostic features in several hundred cases seen among 
military personnel in Leyte and among natives of all ages on Leyte, 
Mindanao and Samar, Philippine Islands. 

There are three stages: the incubation period, the stage of acute 
symptoms and the stage of chronic symptoms. The disease begins with 
penetration of the skin by the fork-tailed larvae, the cercariae, released 
by the snail hosts in water. Within a few minutes a sharp needling pain 
may be noted at the site, followed in one to several days by an irritating, 
frequently unproductive bronchial cough or at times by a viscous dis- 
charge from the lungs. There may be no other distinct symptoms for 
two weeks or more during this prodromal period, then overnight mod- 
erate to severe urticaria develops. Anorexia, fatigability, malaise and 
loss of weight may then occur together with epigastric fulness, chilly 
sensations at night, night sweats and epigastric tenderness. Four or five 
weeks after exposure there may be profound anorexia, pain and fulness 
in the right side of the hypochondrium, general abdominal distress and 
painful diarrhea with blood-flecked feces. The patients were rarely seen 
until the disease was well advanced, and hence the prodromal stage was 
not well studied. 

The acute stage, beginning when the mature, fertilized female worms 
lay their eggs which filter through the intestinal wall, usually to be 
evacuated in the stool in a few days, lasts three to four months, after 
which the early chronic stage begins. There are four varieties of the 
acute stage —fulminating, severe with sudden onset, insidious and 
asymptomatic. 

Patients with the fulminating type of disease probably die frequently 
before a specific diagnosis is made. In the case reported the patient 
was seriously ill at the end of the incubation period, with acute systemic 
intoxication, a greatly enlarged, tender liver and abdominal distress. 
Although the stools were sterile, therapy with antimony and potassium 
tartrate, U. S. P., was begun. The patient died soon; necropsy revealed 
myriads of eggs in pseudoabscesses and pseudotubercles studding the 
surface and substance of the liver as well as other organs and tissues. 


314. Faust, E. C.; Wright, W. H.; McMullen, D. B., and Hunter, G. W., III: 
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Numerous cases in which the disease was in the “severe, with sudden 
onset” category were studied. The median date of initial symptoms was 
four to five weeks following exposure. The earliest entries in the records 
of the hospital were : fever of unexplained origin, urticaria, angioneurotic 
edema, gastrointestinal distress, acute diarrhea, dengue, suspected infec- 
tious hepatitis and infection of the upper respiratory tract. There were 
varying degrees of eosinophilia; in 77 per cent of the patients in one 
group the eosinophil content was 30 per cent or more, in 1 patient it 
was over 90 per cent, and in only 6 per cent was it less than 10 per cent. 
After four or five months several patients treated with faudin (40 to 80 
cc.) were still sick and apathetic, with distressed hepatic facies. In many 
of these proctoscopy revealed slightly elevated yellowish papillae, 1 to 3 
mm. in diameter, from a few centimeters above the junction of the 
sigmoid and rectum to a few centimeters below this level. 

In the insidious type the symptoms and signs are minimal ; diagnosis 
is made only after eggs are found in the stools. 

The asymptomatic patients belong to the category of carriers. 

Recovery of the eggs constitutes the only method of specific diagnosis. 
While this is relatively easy in the acute stage, it becomes increasingly 
difficult in the chronic stage. 

Hunt’s**® observations are similar. 

Alves and Blair *** report the results in 100 cases of the two day 
treatment with sodium antimony] tartrate in doses of 12 mg. per kilogram 
of body weight, with a multiple syringe technic of four daily intravenous 
injections. Each patient received six injections in all. No viable eggs 
were found in any case immediately after treatment or two or three 
months later. In 53 cases followed for two months the reaction to the 
skin test with cercarial antigen became negative in 73 per cent. Nine 
of the 14 cases in which the reaction to the skin test was positive were 
observed for three months; the reaction became negative in 6. The 
method is suggested for mass treatment in the control of schistosomiasis. 


Hookworm.—Hesselbrock and others *** carried out extensive exam- 
inations for parasites, using various technics in 14,250 stools from 2,464 
patients, most of them returned from various areas overseas. The results 
depended to a considerable extent on the endemic infections in these 
areas. The commonest parasites were hookworm and whipworm. 
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Page,*"* in a study of 1,353 men in a hospital for the treatment of 
gastrointestinal diseases, found the presence of eosinophilia of no partic- 
ular diagnostic value except in intestinal parasitic diseases, especially 
hookworm. 

Hodes and Keefer,**® in a study of 125 soldiers with proved anky- 
lostomiasis, found roentgenologic abnormalities in the small intestine 
in approximately 60 per cent. The alterations consisted in excessive 
peristalsis and segmental contractions, with distortion of the mucosal 


pattern. 

Giardia Lamblia—Twenty-one cases of diarrhea attributed to infes- 
tation with Giardia lamblia are described by Fraser and Taylor.*° 
“Acranil” (3-chloro-7-methoxy-9-[2-hydroxy-3-diethylamino ] -propyl- 
aminoacridine dehydrochloride), an acridine derivative closely related to 
quinacrine hydrochloride, was found by Berberian *** to be a highly effi- 
cient chemotherapeutic agent in tests on 50 cases of infection with G. 
lamblia in children, as shown by the negative reactions in five consecutive 
weekly examinations of stools. The drug was well tolerated. No para- 
siticidal effect was observed on concomitant protozoal infections with 
E. histolytica, E. coli, Iodamoeba williamsi, Endolimax nana and 
Chilomastix mesnilii or on nematode infestations with Ascaris lumbri- 
coides, Trichuris trichiura and Enterobius vermicularis. Some thera- 
peutic effect was noted against cestode infestations with Hymenolepsis 
nana and Taenia saginata. 

Tapeworm.—A practical method is described for the detection of 
Diphyllobothrium latum rapidly in specimens with few ova by the utiliza- 
tion of polarized light ; the external membrane of these ova are double- 


refracting.*?? 

Beetle Larvae.—Accidental parasitism by coleopteran (beetle) larvae 
in an 8 month old white boy is reported by Palmer.*** At the age of 
5 months the infant passed by rectum a white worm about an inch 
(2.54 cm.) long. Several similar worms were expelled in the next three 
months. Adult beetles were found in a box of precooked cereal; the 
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eggs are thought to have been ingested with the feedings. Purges and 
enemas were ineffective. 

Myiasis—Of 60 volunteers fed with living maggots of Musca 
domestica, Calliphora and Sarcophaga by Kenney *** under conditions 
to avoid their destruction in the stomach, symptoms of gastrointestinal 
disturbance—nausea, vomiting, intestinal cramps and diarrhea—devel- 
oped in 50. All symptoms disappeared within forty-eight hours follow- 
ing the elimination of larvae in the vomitus and stools; only a few of 
the larvae were found alive. These investigations seem to indicate that 
while temporary disturbance may follow the ingestion of such. dipterous 
larvae they do not produce a true intestinal myiasis in human beings. 

Spirochetes in Feces—Dark field examinations of feces of 199 
persons in North Africa disclosed the presence of spirochetes of the Bor- 
relia type in about one fourth. A low fat diet did not influence the 
frequency of the occurrence. Spirochetes form a part of the normal flora 
of the feces of mice and guinea pigs as well as of human beings.*** 

Steatorrhea and Sprue.—Cooke and others *** carried out studies 
on fat balance in 120 patients. Of these, 29 had idiopathic steatorrhea, 
21 had tropical sprue, 7 had pancreatitis, 6 had surgical conditions (as 
gastocolic fistulas), 6 had malnutrition, 2 had lymphatic obstruction 
and in 8 the conditions were classified as miscellaneous. Of 41 control 
patients, 15 had diarrhea, 12 had anemia and the conditions in 14 were 
classified as miscellaneous. The objective is the better understanding 
of the mechanisms of absorption of fat in health and in disease. To date 
the work has consisted in an evaluation of methods and the development 
of criteria for the assessment of abnormality, a diet containing 50 Gm. 
of fat being used. 

The gross and microscopic examination of the feces for fat is 
unreliable. The percentage of fat in dried feces is not accurate in the 
differentiation of normal from abnormal absorption. The percentage of 
hydrolysis of fecal fat is considered insignificant because of evidence 
that absorption of fat is not dependent on splitting of neutral fat (Frazer, 
Schulman and Stewart, 1944). The former notion that fat hydrolysis 
is an index of pancreatic function is rejected because of the presence 
of lipase elsewhere in the gastrointestinal tract. Intestinal hurry is not 
considered a cause of malabsorption. 
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It is concluded that the only reliable method for the detection of 
defects in absorption of fat is the fat balance technic, in which is utilized 
the Cammidge modifications of the Schmidt-Werner method, or a wet 
extraction method. By correlation of the intake and output of fat the 
percentage of absorption is calculated. 

In the 41 control patients more than 95 per cent of the dietary fat 
was absorbed, the variations ranging between 91 and 99 per cent; 
the average total fat content in the stool was 16.37 per cent and the 
average fatty acid fraction 4.5 per cent. In the 29 cases of idiopathic 
steatorrhea the average absorption was 73 per cent, the average total 
fat content in the stool 35.1 per cent and the average fatty acid fraction 
15.5 per cent. 

Black, Fourman and Trinder *** discuss, in a preliminary communi- 
cation, the results of experiments on fat balance in early cases of 
sprue. The percentage of absorption of fat was obtained by the formula: 

(Dietary fat minus excreted fat) « 100 : 





dietary fat 

The studies led to the conclusion that a moderate increase in dietary 
fat is not necessarily attended by a lowering of the percentage of fat 
absorption. Variations are minimal. The relative constancy of the 
percentage of fat absorption is considered evidence opposing the theories 
that sprue is caused by diminished motility of the villi or reduction in 
absorptive surface. The constancy of the percentage of fat absorption 
with differing intakes is more easily explained by theories based on 
the failure of an enzyme system such as that concerned in phosphoryla- 
tion (Stannus, 1942). The results confirm those of earlier studies by 
demonstration of the fact that even in moderately severe sprue 60 to 80 
per cent of the ingested fat is absorbed. In the earlier phases of sprue 
there is satisfactory absorption of glucose, iron, sodium, chloride and 
nitrogen, but subsequently the defect in absorption includes these sub- 
stances. 

The therapeutic studies are of interest. Liver extract did not have 
a rapid effect on absorption of fat; yeast extract was more effective. 
It is pointed out, however, that Barker and Rhoads (1937) had better 
results with larger doses of crude liver extract. The authors draw the 
general conclusion that there is a factor in yeast extract, probably present 
also in crude liver extract in lesser amounts, which improves absorption 
of fat in patients with sprue; it is not nicotinic acid, riboflavin or 
pantothenic acid but may be similar to Castle’s extrinsic factor. The 
authors point out that the active factor in the yeast extract may have 
been folic acid. 
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Cayer, Ruffin and Perlzweig *** report studies of vitamin levels in 
(a) 12 cases in which a diagnosis of sprue was made carefully on a basis 
of the presence of steatorrhea, glossitis, macrocytic hyperchromic anemia, 
a flat glucose tolerance curve and notable loss of weight; (b) 30 cases 
in which the condition was diagnosed clinically as mild or early vitamin 
B deficiency and (c) a control group of 30 normal medical students. 
The conclusions were: 1. Multiple deficiencies of vitamin B complex 
are the rule in patients with sprue. 2. The plasma levels of vitamin A 
and carotene in patients with sprue are significantly lower than the levels 
in normal persons or in those with clinical evidence of B complex 
deficiency. 3. The determination of plasma levels of vitamin A and 
carotene is a useful laboratory procedure in the diagnosis of sprue. 

In 3 cases of sprue 15 mg. of synthetic L. casei factor was adminis- 
tered intramuscularly, with significant improvement, by Darby, Jones 
and Johnson.**® Glossitis disappeared in three or four days, diarrhea 
subsided and reticulocyte responses of 15.3 and 43 per cent occurred in 
the first 2 cases on the eighth and sixth days of treatment. 

Spies and others **° treated 4 patients with tropical sprue with 
5-methyl uracil (thymine) and observed a definite hematologic response 
after the daily ingestion of 15 Gm. of the drug. Reticulocytosis began 
on the fourth or fifth day, reaching its peak on the eighth or ninth day 
and followed by an increase in erythrocytes and the hemoglobin content. 
Clinical improvement was indicated by an increase in appetite and 
strength, a disappearance of glossitis and of burning and soreness of 
the tongue and a return of the stools to normal as early as the fourth 
day. Apparently the hematologic response evoked by synthetic 5-methyl 
uracil in the macrocytic anemia of tropical sprue parallels that which 
follows the administration of synthetic folic acid. The clinical response, 
however, with this dosage is less dramatic than that observed with folic 
acid. 

An observation made by Carruthers *** may be of considerable clinical 
significance. In 6 cases of chronic diarrhea of varied causation folic acid 
therapy restored the stools to normal in two to five days. It may well 
be that many instances of chronic mild diarrhea’ are manifestations 
of steatorrhea or of the sprue syndrome, curable by administration of 
folic acid. There is no pathognomonic sign or symptom of sprue; aside 
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from the use of folic acid, which has yet to stand the test of time, and 
despite the recognized value of liver extract, it still may be said that 
there is no specific treatment or known cause for this fascinating disease. 
The clinical forms and manifestations may be even more varied and 
bizarre than now recognized. 

In a study of 23 cases of pellagra in non-European children in Johan- 
nesburg the main clinical findings were edema, dermatitis, cheilosis, 
graying of the hair with degrees of alopecia, steatorrhea and a large 
fatty liver. Powdered stomach, given orally, was found to have a 
lipotrophic action in infantile pellagra. In view of the low fat content 
of the diet, the steatorrhea was thought to be due to an increased 
endogenous excretion of fat into the bowel rather than to malabsorption 
of dietary fat. The authors suggest the use of powdered stomach in 
other diseases in which steatorrhea is a prominent feature.**? 

Simulating sprue, but of known causation, are the steatorrheas pro- 
duced by lymphatic obstruction, such as those produced in the 3 cases 
reported by Pearson, due to tuberculosis, nonspecific inflammation and 
a reticulum cell sarcoma respectively.*** In the case of intestinal 
lipodystrophy (Whipple’s disease) described by Fitzgerald and Kin- 
ney *** the bizzare hematologic picture caused it to be confused with 
lymphatic leukemia and hemolytic icterus. In the case analyzed by 
Amsterdam and Grayzel*** the classical symptoms were present. 
Necropsy revealed mesenteric lymphadenopathy with lipid replacement 
of the lymph nodes and enlarged intestinal villi with the characteristic 
fat-laden cells in the mucosa and submucosa. 

Infantile Diarrhea.—Sterility of supplies, limitation of outside con- 
tacts and the realization that all children in the nursery are potential 
sources of infection regardless of the state of their health aid in limiting 
diarrheal disease, according to Watts.**® : 

Rapoport and Dodd *** describe 7 cases of hypoprothrombinemia, 
usually accompanied with bleeding, in infants suffering from chronic 
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diarrhea. In 6 there was no bleeding after administration of vitamin 
K; in 5 the prothrombin time returned promptly to normal. The 
prophylactic use of vitamin K is suggested in instances of prolonged 
malnutrition in infancy and childhood. 

Epidemic Diarrhea.—Brown and others *** report an outbreak of 
epidemic diarrhea and vomiting of unknown origin, suggesting a virus 
infection. 

Diabetic Diarrhea——Sheridan and Bailey **® describe intermittent 
nocturnal diarrhea as a distinct syndrome in patients with diabetes 
mellitus. Intermittent diarrhea occurred in 34 of 40 cases and nocturnal 
incontinence in 31. Diabetic neuritis preceded the onset of the diarrhea 
‘ in 58 per cent. The authors suggest that the diarrhea may be a 
manifestation of diabetic neuropathy. Crude liver extract administered 
parenterally is said to offer the most effective symptomatic treatment. 


Bacillary Dysentery.—Kokko **° gives a complete and detailed 
analysis of an extensive epidemic of bacillary dysentery (Flexner’s). 
Cultures which were positive for the organism were obtained in 32 per 
cent of the cases examined. Flexner’s bacilli were isolated from 58 
per cent of samples of the excrement taken in the first five days of the 
illness. Cultures of the organism were oftener obtained with samples 
of feces preserved in a 30 per cent solution of glycerin and 0.6 per cent 
solution of sodium chloride in water than with those sent in for 
examination without the preservative. The bacillus was never found 
in samples of blood, urine, synovial fluid or gastric contents. It 
remained alive in excrements for at least two days generally and in 
most cases for a minimum of three days. It was preserved better 
by cold than by heat. 

The biochemical activity of the different strains varied in ability 
to ferment arabinose, maltose, saccharose, raffinose, dextrin and sorbite 
and to produce indole. This variation was shown not only between 
different strains but also between the subcultures from different colonies 
of one single strain and subsequent cultures at different times. More 
than 15 per cent of the examined strains decomposed both maltose and 
saccharose, producing acid, a peculiarity not compatible with the three 
principal types of known Flexner groups. Kokko continues with an 
exhaustive discussion of the biochemical and serologic typing of 
Flexner organisms, too technical to summarize here. 
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Of clinical interest is the observation that the organisms disappeared 
from the feces of more than 90 per cent of the patients before clinical 
recovery had taken place; the longest time of excretion after clinical 
recovery was four weeks. The greatest role in the spread of the disease 
was played by those who were only slightly ill or who were not taken 
into the hospital immediately after falling ill. Attempts to cultivate 
Flexner’s bacilli from eighty-eight samples of flies (Stomoxys calcitrans) 
caught in different places in the region of the epidemic were unsuccessful. 

Most of the sick, 65 to 75 per cent, were so slightly ill that they did 
not require treatment by a physician. The illness commenced in general 
with high fever and diarrhea without any prodromal signs. The other 
symptoms were: sharp pains in the stomach, headache, vomiting, vertigo, . 
pains in the limbs and joints and general indisposition. The most 
characteristic symptoms were violent diarrhea and slimy, bloody feces 
(87 per cent). More than 40 per cent of the patients vomited. Fever 
occurred in 95 per cent of the patients; in more than 40 per cent the 
temperature rose to more than 39 C. (102.2 F.). Usually the fever 
lasted two days only. A great many nervous symptoms suggestive of 
increased cerebral pressure appeared in patients with the most serious 
attacks. 

The commonest complications were pains of rheumatic nature in the 
muscles and joints, arthritis in the big joints, mostly the knees, pains in 
the eyes, conjunctivitis and pains when urinating, with occasional 
purulent urethritis (Reiter’s syndrome). There were only 4 cases 
of peritonitis. . 

In two thirds of the patients the illness lasted not more than fiiteen 
days. Relapses occurred in 4.5 per cent, about 40 per cent of this num- 
ber being without fever. A rather general occurrence was lassitude that 
appeared ten or twenty days after recovery and lasted for a period of 
from several days to a couple of weeks. 

The death rate among patients treated by a physician was 2 per 
million, 70 per cent of the deaths occurring in the first two weeks and 
being due to circulatory failure, increased cerebral pressure or complicat- 
ing diseases. 

Further studies of the complicated problem of the morphologic, bio- 
chemical and serologic classification of the Salmonella organisms are 
contained in the papers of Felsenfeld,**t Thomas and Levine,**? Nelson, 
Tenbroeck and Dammin *** and Thompson, White and Schafer.*** 
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Ferris, Hertzberg and Atkinson **° describe another new strain isolated 
from 26 to 29 patients. We wonder if the endless typing and subtyping 
of Salmonella organisms is of practical value or of real fundamental 
importance; a new bacteriologic concept and a new approach to the 
problem seem needed. 

In a survey by Slesinger and Elrod *** of 264 German prisoners of 
war, Shigella grew in the cultures of 24.6 per cent; parasites and ova 
were present in 16 per cent, for Escherichia coli and ova of Ascaris 
lumbricoides being the most frequent. 

The initial enthusiasm for sulfonamide drugs in the treatment of 
enteric infections is now beginning to subside, although some authors still 
report definite benefit from their use. Thus, Moore and his asso- 
ciates,**7 on the basis of relative in vitro activity, fecal concentration 
of free sulfonamide compounds and risk of toxicity from systemic absorp- 
tion, list drugs in the following order of preference for the treatment of 
bacillary dysentery: enteric-coated sulfadiazine, similarly coated sulfa- 
thiazole, succinylsulfathiazole, uncoated sulfadiazine, uncoated sulfa- 
thiazole and sulfaguanidine. White and others *** found sulfacarboxy- 
thiazole (2-sulfanilamido-5-carboxythiazole) about as active as sulfa- 
guanidine against twelve dysentery strains in vitro and against coliform 
bacilli in mice. With respect to solubility, absorption and mode of action, 
sulfacarboxythiazole appeared to be similar to phthalysulfathiazole. 
Sulfathiadiazole (2-sulfanilamido-1, 3, 4-thiadiazole), when compared 
with sulfaguanidine, was found to be about ten times as soluble at 
pH 6.5, from four to eight times as active against dysentery strains in 
vitro and more active against coliform bacteria in mice. In 87 cases 
Smith **° found that the most effective period for treatment is during the 
first twenty-for hours. Early treatment with sulfadiazine usually led 
to prompt cessation of diarrhea and cramps. The healing of mucosal 
lesions lagged behind the symptomatic relief. 
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Vollum and Wylie *® describe results of an outbreak of Sonne 
dysentery in two schools in the same building. All the boys in one school 
were treated with succinylsulfathiazole, 6 Gm. a day, the members of the 
other school being used as controls. In the control group 11 of 33 
continued to excrete the organism. In the treated group cultures from 
all 37 boys became negative for the organism except a single swab from 
1 boy which was positive three weeks after therapy. 

More equivocal is the investigation of bacillary dysentery in acutely 
ill and carrier monkeys (Macaca mulatta) and of the therapeutic value 
of sulfaguanidine in these infections reported by Hoskins and Dack.** 
Two established carriers of Bacterium dysenteriae (Flexner’s) treated 
with sulfaguanidine before the development of symptoms failed to be 
cleared of the organism by the drug. Among 10 monkeys ill with acute 
dysentery, 5 improved with sulfaguanidine therapy and 5 were not 
improved. One of the improved animals became a convalescent carrier. 
The organism recovered by Cheever *** in an epidemic involving 6,000 
sailors in July and August, 1945, was relatively resistant to sulfadiazine 
and sulfathiazole. White and his associates *** found that sulfadiazine 
given in standard dosage was fot effective in an outbreak involving 
35 cases. In a later report of 1,300 cases the organism was described 
as resistant to sulfonamide drugs.*** Brodie and others *** treated 88 
patients with bacillary dysentery with phthalylsulfathiazole. The inci- 
dence of relapse was high, involving 45 of the 88 patients. Of the 
patients studied bacteriologically, 28 per cent of those relapsing yielded 
a positive culture during convalescence, compared with 13 per cent of 
those not relapsing. 

In a study by Elsom, Pepper and Forrester *** of 334 cases of bacillary 
dysentery in Chinese soldiers in an army general hospital in India, one 
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third were treated with sulfaguanidine, one third with sulfadiazine and 
one third with placebos. Neither of the sulfonamide drugs shortened the 
course of the disease, ameliorated the symptoms or altered the eventual 
outcome. 

After an epidemic of bacillary dysentery, Getty and his co-workers **" 
cultured the stools of the men in an entire division; 327 carriers were 
isolated. Fifty-five were treated with 29 Gm. each of sulfathiazole, 
221 with 73.5 Gm. of sulfaguanidine and 51 with 29 Gm. of sulfadiazine. 
No significant difference in the eradication of the carrier state was noted 
with the sulfonamide compounds in the dosages used. 

On the basis of experimental laboratory data, sulfathiazole and 
sulfadiazine were used by Jones and Lee *** during a small epidemic 
among children, but no well defined effects were observed. In general, 
the available antibiotics were not effective. 

The contradictory evidence is impressive. Bacillary dysentery is 
a self-limited disease of variable severity and duration. Can it be that the 
original observers did not bear this in mind sufficiently and were misled 
in their interpretation of “good results’? Are the differences in sensi- 
tivity to sulfonamide compounds sufficient to account for the conflicting 
reports ? these questions need further elucidation. 

Morrison **° found “good results” in the treatment of 100 patients 
with different types of diarrhea with tomato pomace. 

Olitzki and Bichowsky * report that small quantities of toxoid, 
prepared from cultures of Shigella dysenteriae, absorbed on alum and 
concentrated and injected subcutaneously immunized rabbits against 
multiple lethal doses of dysentery toxin. 


Typhoid.—Morgan ** finds that purified antigens of Eberthella 
typhosa, Salmonella paratyphi and S. schottmulleri produced less local 
and constitutional reaction than a triple bacterial vaccine when injected 
subcutaneously in man. These purified antigens possess the advantages 
of potency, stability and compactness. 
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In a group of 360 young women Duncan and his associates *** noted 
18 cases of typhoid in epidemic form, with 1 death. A food handler 
whose stools contained E. typhosa had prepared orange juice for the 
group. 

Bigger *** finds that the combination of penicillin and sulfathiazole 
has a pronounced bactericidal effect on Bact. typhosum in vitro and 
suggests its use clinically, both agents to be given in full doses for five 
to seven days and then the use of both discontinued. The dosage of 
penicillin should be adequate to maintain a concentration of over 2 units 
a day. If evidence of the continued presence of typhoid bacilli persists, 
therapy should be resumed and continued for a further four days. 

Cholera.—Three hundred and seventy-two cases of clinical cholera 
were studied by Amberson.*** In 60 controls the mortality was 38.3 
per cent, in 35 patients treated with plasma and chemotherapy there 
were no deaths and in 277 treated with chemotherapy alone the mortality 
was 1.1 per cent. Of 78 patients admitted in frank shock or collapse, 
in 35 treated with plasma plus chemotherapy there was no mortality, in 
19 treated with chemotherapy alone the mortality was 15.8 per cert and 
in 24 untreated patients it was 95.8 per cent. 

Vibrio Jejuni—in outbreaks of gastroenteritis occurring simultane- 
ously in two adjacent institutions epidemiologic studies pointed toward 
milk as the vehicle for the infective agent.*®* Spirillum was found in 
13 of 39 cultures of the blood taken during chills and in the feces of 
31 of 73 patients. This vibrio, S20, may be identified with Vibrio jejuni 
described by Jones and Little (1931) and Smith and Orsutt (1927), 
apparently inducing diarrhea and enteritis in cattle. 

Chronic Nonspecific Ulcerative Colitis—Ivy and Clarke *** drained 
the bile and pancreatic juice directly into the appendix and colon in 
6 dogs; no pathologic changes were noted in the colonic mucosa for 
periods varying from six to twenty-three weeks. 

In nine years two carcinomas of the colon complicating chronic ulcer- 
ative colitis were observed by Renshaw and Brownell,*** an incidence 


362. Duncan, T. G.; Doull, J. A.;. Miller, E. R., and Bancroft, H.: Outbreak 
of Typhoid Fever with Orange Juice as the Vehicle Illustrating the Value of 
Immunization, Am. J. Pub. Health 36:34-36, 1946. 

363. Bigger, J. W.: Synergic Action of Penicillin and Sulphathiazole on 
Bacterium Typhosum, Lancet 1:81-83, 1946. 

364. Amberson, J. M.: Report on Cholera Studies in Calcutta, U. S. Nav. M. 
Bull. 45:1049-1053, 1945. 

365. Levy, A. J.: A Gastro-Enteritis Outbreak Probably Due to a Bovine 
Strain of Vibrio, Yale J. Biol. & Med. 18:243-258, 1946. 

366. Ivy, J. H., and Clarke, B. G.: Is Bile and Pancreatic Juice a Factor in 
the Genesis of Ulcerative Colitis? An Experimental Study, Gastroenterology 
5:416-417, 1945. 

367. Renshaw, R. J. F., and Brownell, T. S.: Carcinoma Complicating 
Ulcerative Colitis, Cleveland Clin. Quart. 12:123-127, 1945. 











PALMER ET AL—GASTROENTEROLOGY 129 


of 0.59 per cent of all cases of chronic ulcerative colitis and 1.5 per cent 
of cases in which the condition occurred in patients under 30 years of 
age. Johnson *** gives an excellent discussion of the diagnosis and 
management of the disease. 

Barbosa, Bargen and Dixon,**® in a most instructive paper on 
regional segmental colitis, state that in a twenty year period from 1923 
to 1943 140 (4 per cent) of 4,000 cases of the disease were classified as 
regional. The right colon was more frequently involved than the left 
and the ascending portion less frequently than the transverse. In 25 
(18 per cent) the terminal part of the ileum was diseased. While the 
histologic appearance of colitis and regional enteritis may be similar, the 
primary infection may be different. There is no typical clinical course ; 
the diarrhea is rarely severe. Loss of weight is common, fever incon- 
stant and anemia not infrequent; the sedimentation rate parallels the 
degree of activity of the disease process. Secondary polypoid hyper- 
plasia, rarely neoplastic, is observed. Obstructing stricture is uncommon 
and rectal complications as well as perirectal abscess, anal fistula and 
suppurative condylomas are frequent. The proctoscopic examination 
may reveal 2 normal rectum. Systemic complications are infrequent. 

In a detailed study of the effect of sulfonamide drugs, no definite 
conclusions were reached. ‘The evidence seemed to indicate that in 
acute episodes one of the sulfonamide compounds should be given; suc- 
cinylsulfathiazole is the preparation of choice. In a group of 58 patients 
treated with these drugs the disease recurred in 53 per cent in one year ; 
of 29 patients not given sulfonamide drugs it recurred in 28 per cent, 
Of 39 patients followed two years and treated with sulfonamide drugs, 
62 per cent reported recurrence; of 24 not given the drugs, 33 per cent 
reported recurrence. Of the 28 treated surgically, the disease recurred 
in 25 per cent. Of 24 followed two to three years with sulfonamide 
therapy, the disease recurred in 58 per cent, and of 19 not given sul- 
fonamide drugs it recurred in 42 per cent. Of 22 treated surgically, 
it recurred in 27 per cent. Thus radical surgical excision seems to have 
given the best results. 

Palmer and Ricketts **° report 3 instances of chronic ulcerative 
colitis with manifestations of generalized peritonitis, with recovery. 
Treatment consisted in administration of sulfonamide compounds and 
penicillin, together with blood transfusions and other supportive 
measures. The possibility of a synergistic action of the two drugs is 
suggested. 
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An 18 yea’ old youth with a history of diarrhea since the age of 214, 
who appeared five years younger than his stated age, was admitted to 
the hospital with intestinal obstruction.*"* The patient did not survive 
the ileostomy carried out in an effort to decompress the bowel. Post- 
mortem examination revealed extensive chronic ulcerative colitis and 
a stricture of the descending colon produced by an adenocarcinoma. The 
testis and epididymis were infantile. 

Five patients with chronic ulcerative colitis were treated by Korostoff 
and King **? with penicillin in dosages of 30,000 units every three hours 
for five days up to a total of 1,200,000 units. Within one week after the 
completion of therapy rectal ulcerations disappeared in each case. How- 
ever, in 1, residual pinpoint hemorrhages, slight edema, hyperemia, 
friability and granularity persisted. In another residual mild friability 
and hyperplastic granulations were noted. An adequate follow-up study 
had not been made at the time of publication. We are of the opinion 
that the original concept that penicillin is of no value in ulcerative 
colitis may require modification. Certainly, the antibiotic does not 
provide a specific cure for the disease. On the other hand, this 
preliminary report and our experience do suggest that in some cases 
penicillin may be of value. The psychotherapeutic effect is difficult 
to evaluate. Further studies are needed. 

Gill *** supplements a previous communication by reporting the 
results of the administration of raw pig’s intestinal mucosa in 17 addi- 
tional cases. Of 5 patients given 4% pound (240 Gm.) of uncooked pig’s 
small intestine daily by mouth, 3 became well and 2 showed no 
improvement. There was no follow-up. Three patients failed to com- 
plete the treatment. Four patients were treated in the same manner 
as in the case previously reported with “preparation B” (desiccated 
defatted intestinal mucosa) ; 3 became well and 1 died in ten days with 
perforation of the colon. In 5 patients treated with intramuscular injec- 
tions of an extract the results were not convincing to the authors and 
far less so to us, who conclude that no further studies are indicated. 

Forty afebrile patients with chronic nonspecific ulcerative colitis 
were given intravenous injections of typhoid vaccine every other day 
for ten injections by Wilkinson and Smith.*%* A temperature of 101 


371. Ricketts, W. E.; Benditt, E. P., and Palmer, W. L.: Chronic Ulcerative 
Colitis with Infantilism and Carcinoma of the Colon, Gastroenterology 5:272- 
280, 1945. 

372. Korostoff, B. B., and King, H. E.: Penicillin Therapy in Ulcerative 
Colitis: A Preliminary Report, Am. J. M. Sc. 211:293-298, 1946. 

373. Gill, A. M.: Intestinal Mucosa in Ulcerative Colitis, Lancet 2:202- 
204, 1945. 

374. Wilkinson, S. A., and Smith, F. H.: Intravenous Typhoid Vaccine 
Therapy in the Management of Ulcerative Collitis, Gastroenterology 6:171-175, 
1946. 

















PALMER ET AL.—GASTROENTEROLOGY 131 


or 103 F. was considered desirable after the injection. Of the group, 
27, or 68 per cent, were greatly improved; 10, or 25 per cent, were 
moderately improved, and 3, or 7 per cent, were not improved. During 
an eighteen month follow-up 20, or 50 per cent, remained greatly 
improved or markedly relieved; 11, or 28 per cent, were slightly 
improved, and 4, or 10 per cent, showed no improvement. Three 
required ileostomy (7 per cent), and 2 (5 per cent) died. The average 
age of the group was 28.5 years. The method of treatment was 
applicable to 50 per cent of the patients not given surgical treatment. 
Follow-up fever therapy every two to four weeks was advised and 
used in those responding. In this study also controi tests seem to us 
to be needed because of the recognized spontaneous tendency to remis- 
sion in this disease and, furthermore, because of the difficulty in measur- 
ing the role of the coincidental psychotherapy. 

A mortality rate of 8 per cent in 25 patients with nonspecific ulcera- 
tive colitis treated surgically at the University of Minnesota Hospitals 
is reported by Dennis,**° as contrasted with a mortality of 28 per cent 
in 57 patients treated conservatively over a ten year period ending 
Jan. 1, 1944. The conclusion is reached that ileostomy is indicated 
in all forms of chronic ulcerative colitis except the mild ones and that 
about one half of the patients will subsequently need a colectomy. 
We are unable to understand such a high mortality in the patients treated 
conservatively; perhaps a large number with mild forms of the disease 
are overlooked. 

Corbett *** confines the number in which there are indications for 
surgical treatment to 15 per cent. The response to ileostomy is good; 
it appears more efficient in arresting the disease than appendicostomy, 
cecostomy or colostomy. Irrigation of the bowel is of no value. 

Glenn and Read *”* report an attack of ulcerative colitis in a 22 year 
old white man with ischiorectal abscess from which tubercle bacilli 
were isolated. There was no active pulmonary tuberculosis. The 
tubercle bacilli, found twice only in the course of many examinations, 
on the eighty-fourth and ninety-sixth days in the hospital, were demon- 
strated by smear and culture. Death was due to peritonitis. Several 
small fistulous openings in the wall of the rectum communicated with 
a large abscess filling the left ischiorectal fossa. 
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COLON 


Physiology. Weeks *** reports some interesting and significant 
observations made in an Arab soldier with a shrapnel wound perforat- 
ing the colon and necessitating a transverse colostomy. A traumatic 
wound in the lower part of the abdomen, unrepaired and containing 
several loops of small bowel (ileum) and sigmoid, afforded an unusual 
opportunity to study the simultaneous effect of stimuli on the small 
and large bowel. Administration of neostigmine caused considerable 
activity in the small intestine and only slight activity in the colon. 
Betahypophamine caused active peristalsis of the transverse and sigmoid 
colon and a mild stimulation of the ileum. Morphine was a mild 
stimulant of the small bowel; no effect was seen on the large bowel. 
Ingestion of food resulted in moderate activity of the small bowel. 
Excitement caused notable peristalsis of the small bowel and evacua- 
tion of feces from the transverse colostomy opening. Application of 
hot and cold water bags to the surface of the abdomen had no effect. 
Spinal anesthesia greatly increased the tone of the entire bowel. Intra- 
venous injection of hypertonic solution of dextrose had almost no 
effect, and intravenous injection of hypertonic solution of sodium 
chloride stimulated the small bowel. Calcium gluconate administered 
intravenously did not calm the peristalsis already present and atropine 
alone had no effect. 

Arendt,®”* studying the function of the colon, emphasizes the dif- 
ference between the left and right colon. “Cannon’s point” in the 
proximal third of the transverse colon, corresponding with a contrac- 
tion ring seen in certain animals, is considered roentgenologically 
identifiable in man and important as the pivoting point in the inner- 
vation of the bowel between the vagus and the plexus nerve and, on 
the sympathetic side, between the superior and the inferior splanchnic 
nerve. Both units may be harmonious or antagonistic. 

McKenney **° states that the addition of two or more glasses of 
water to meals generally obviates the necessity of remedies for consti- 
pation. We suggest that the same statement may be made of a nor- 
mal diet. 

Abdominal Pain as an Epileptic Equivalent—Moore *** describes 
the paroxysmal abdominal pain seen in 6 patients (2 children and 
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4 adults) and, on the basis of the pattern of symptomatology, the 
electroencephalography and the response to anticonvulsive drugs, con- 
siders it to be an epileptic equivalent. Three of the patients gave a 
history of antecedent injury to the head. One had cerebral angio- 
neurotic edema following injection of antiserum prior to the onset of 
the abdominal seizures, 1 had paroxysmal abdominal pain, diagnosed as 
intestinal tetany, occurring in an unrecognized attack of tuberous 
sclerosis and in 1 there was no apparent etiologic background. Moore 
emphasizes the need for the recognition of unexplained paroxysmal pain 
as of possible cerebral origin and due to abnormal cerebral discharges 
arising in the premotor or parietal areas. The criteria of diagnosis 
are: (1) exclusion of intrinsic visceral disease; (2) adequate his- 
torical data; (3) pattern of attack of an epileptic order; (4) associated 
epileptic manifestations; (5) objective evidence of cerebral organic 
disease of dysfunction, and (6) effect of anticonvulsive drugs on the 
abdominal pain and on the electroencephalogram. 


Porphyria.—Stiles, Pike and Berne *** describe a 24 year old soldier 
who died of acute porphyria. In the early stages of the illness attention 
was centered on the abdominal symptoms and the leukocytosis; the 
importance of the neurologic picture was overlooked. There was a 
history of recurrent attacks of abdominal pain, nausea and vomiting 
and of the passage of red urine. The neurologic manifestations con- 
sisted in weakness, paresthesias, ascending paralysis, mental changes 
and terminal bulbar symptoms. 

Megacolon——Galambos and Mittelmann-Galambos *** note that 
simple redundancy of the colon usually is an incidental finding only, 
without symptoms or complaints. 

Muehsam *** discusses the modern concepts of congenital megacolon 
(Hirschsprung’s disease). Bailey and MHaber**® noted moderate 
improvement only in the fifteen postoperative months after ganglionec- 
tomy of the left sympathetic chain with resection of the second, third 
and fourth lumbar ganglions. Cattell and Colcock *** conclude that 
lumbar sympathectomy as the only operative procedure offers little 
chance of permanent relief and should be reserved for milder cases 
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with diffuse dilatation. It may be combined with segmental resection 
but should not accompany subtotal colectomy. Two patients observed 
for six years did not do well. The operation of choice is segmental 
or subtotal colectomy. The best results are obtained when the dilata- 
tion does not involve the rectosigmoid and rectum. 

A volvulus of the sigmoid in a megacolon was reduced by a barium 
enema, according to Melamed.**’ 

V olvulus.—Griffin, Bartrone and Meyer *** describe 7 instances of 
acute volvulus and 18 of subacute volvulus. The single most helpful 
diagnostic aid was the roentgenologic examination. Because of the 
tendency to recur, simple detorsion is not the treatment preferred but 
rather exteriorization and second stage resection. 

Corff **° reports an unusual case of volvulus and gangrene of the 
sigmoid complicated by schistosomiasis. In the patients seen by Simon, 
Senturia and Keller *°° the symptoms consisted in backache and an 
ineffectual urge to defecate, with no abdominal pain, tenderness or 
distention. Roentgenograms confirmed the diagnosis. 

Diverticulosis and Diverticulitis—Formation of diverticular pouch 
is fully discussed by Galambos and Mittelmann-Galambos.*** The 
problem of causation is dismissed with the conclusion that it is related 
to other manifestations of advancing age. The process is a slow one, 
developing silently and uneventfully until interrupted by some “inflam- 
matory accident” represented by diverticulitis and its complications. 

Cave and Wilson **? in eleven and a half years encountered 
131 patients with diverticulitis; 39 were submitted to operation and 
6 died, a mortality of 15.3 per cent. The average age was 51 years. 
Thirteen had tenderness and spasm of the left lower abdominal quad- 
rant and 5 in the right lower quadrant. The most frequent compli- 
cation requiring surgical intervention was abscess with local peritonitis, 
although acute perforation with generalized peritonitis did occur. 
Cecostomy is considered safer than colostomy in acute obstruction. 
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Two cases of solitary diverticulitis of the cecum diagnosed préopera- 
tively as acute appendicitis are reported by Gatewood.*** 


Peritonitis.—Siegal *** describes 5 cases of benign paroxysmal 
peritonitis and tabulates 5 more from the literature. The picture is 
that of recurrent paroxysms of severe abdominal pain, with a tem- 
perature as high as 105 F., severe prostration and evidence of peritoneal 
irritation. Diarrhea is conspicuously absent, and leukocytosis is fre- 
quent. Siegal suggests that the condition is a manifestation of the 
“erythema group” of Osler and perhaps an allergic phenomenon due 
to sensitization to foods, but there is no definite evidence for this concept. 

Analysis at autopsy by Weinberger *** in 19 deaths from perfora- 
tion of the colon disclosed that in 10 the primary lesion was diverticu- 
litis, in 7 a malignant process and in 2 perforation from mechanical 
agents, one an enema. 

Black and Evert ** find that in malignant processes in the colon 
free perforation is most commonly associated with complete obstruction. 
Obstructing carcinoma is commoner in the left side of the colon, par- 
ticularly in the sigmoid and rectosigmoid. The perforation in 3 cases 
was situated at or near the obstructing lesion. The prognosis is poor. 
Hendelberg,**? in reviewing the cancers of the colon in patients under 
35 years of age treated at the University of Uppsala, found 6 patients 
admitted with distinct signs of perforation, yet with no basis for the 
diagnosis of cancer preoperatively. 

One fatal peritonitis from a fistula complicating lymphopathia 
venereum is reported.*** 

Anthony *® describes tuberculous peritonitis seen in 4 prisoners 
of war. The patients were all young adults; 2 gave a history of the 
prolonged consumption of raw milk. 


Injury of the Rectum.—Pratt and Jackman *° review twenty per- 
forations of the rectum by enema tips as reported in the literature 


393. Gatewood, J. W.: Solitary Diverticulitis of the Cecum, Ann. Surg. 
122:52-58, 1945. 

394. Siegal, S.: Benign Paroxysmal Peritonitis, Ann. Int. Med. 23:1-21, 1945. 

395. Weinberger, H. A.: Observations on Large Bowel Perforations, Surgery 
18:547-555, 1945. 

396. Black, B. M., and Evert, J. A.: Peritonitis Following Malignant Obstruc- 
tion of the Sigmoid and Free Perforation: Report of Three Cases, Proc. Staff 
Meet., Mayo Clin. 21:137-142, 1946. 

397. Hendelberg, T.: Perforation as the First Sign of Cancer in the Large 
Intestine in Young Patients, Acta chir. Scandinav. 92:339-348, 1945. 

398. Pearce, A. E.; Bowen, J. O., and Burns, J. C.: Fatal Peritonitis from 
Procto-Salpingostomic Fistula Complicating Lymphopathia Venereum, Am. J. 
Surg. 69:406-408, 1945. 

399. Anthony, P. K.: Tuberculous Peritonitis: Case Reports with Patho- 
logical Findings, Illinois M. J. 89:82-85, 1946. 
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and add two. There were 8 deaths and 12 survivals, a mortality rate 
of 40 per cent. Proctoscopy is a valuable diagnostic aid, because the 
perforation is usually located on the anterior rectal or rectosig- 
moidal wall. 

Colcock *°? reports that in 120 patients with perforating wounds of 
the colon or rectum admitted to a general hospital in the Mediterranean 
Theater there were 4 deaths, which were due to pulmonary embolus, 
multiple abdominal abscesses following retraction of a cecostomy, 
exsanguinating hemorrhage from a divided gastroduodenal artery and 
persistent suppuration in the retroperitoneal tissues without response 
to surgical drainage or chemotherapy. Adequate transfusions of blood, 
antibiotics and increased surgical skill account for the decreased mor- 
bidity and mortality. Shidler *°? lists 10 cases in which there was 
no mortality and stresses the importance of considering abdominal 
perforation in the presence of gluteal wounds. Death usually ensues 
if the interval of time between intestinal injury and operation is more 
than eighteen hours. Croce *°* describes 2 additional cases. Blaisdell *%* 
discusses traumatic injuries and their treatment. 

In Walker’s °° 28 year old soldier with amebiasis signs of per- 
foration of the rectum developed after sigmoidoscopy. At operation 
the tear was closed; the postoperative course was stormy. Cysts of 
Entamoeba histolytica were found in the peritoneal drainage. 

Spontaneous rupture of the sigmoid with evisceration of the small 
intestine through the anal orifice, the seventh such case to be reported 
in the literature, is described by McLanahan and Johnson.*®* In 6 cases 
there was a preexisting rectal prolapse; in the seventh the condition 
followed trauma. 

Vaughn and Martin *” found a knife 9.5 inches (about 24 cm.) 
long in the sigmoid. 

After a therapeutic abortion during the fourth month of pregnancy, 
sepsis, pelvic inflammation and diarrhea developed; fetal bones were 
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passed rectally. Operation later by Fruhlinger *°* disclosed an 
abscess between the rectum and the uterus; a fecai fistula of the 
abdominal wall was still present fourteen months postoperatively. 

Lymphopathia Venereum.—Savignac **® reports complete inflam- 
matory obliteration of the rectum from lymphopathia venereum. 

External Fistula—Dixon and Benson *'° discuss the principles in 
the management of external fecal fistulas; 65 patients were submitted 
to operation, with a mortality of 3 per cent. In the great majority 
the fistulas had as their point of origin the ileum, cecum or sigmoid. 
In 97 per cent the fistula followed some type of operative procedure. 

Jackman and Buie *"! report a series of 600 cases of anal fistulas. 
In 88.5 per cent no tuberculosis was demonstrable either in the fistulas 
or elsewhere in the body; in 11.5 per cent evidence of tuberculosis 
was found somewhere in the body. In 3 cases (0.5 per cent) inocu- 
lation of a guinea pig with material from a fistula gave a positive 
result, in 2 cases (0.3 per cent) histologic examination only revealed 
the disease and in 6 cases (1 per cent) both procedures revealed the 
disease. It is apparent, therefore, that a relatively small number 
(7 to 8 per cent) of anal fistulas are tuberculous; in nearly all these 
(thirty-three out of thirty-nine) there is an unmistakable tuberculous 
focus elsewhere in the body. 

Pruritus Ant.—A study by Shapiro and Rothman * of 70 patients 
with pruritus ani revealed none of the commonly listed etiologic factors. 
Neurodermatitis was present in 55.7 per cent. Rubbing with paper 
is considered to be the factor initiating or perpetuating the itching- 
scratching cycle. Treatment is based on the elimination of the use 
of toilet paper, the substitution of a superfatted soap sitz bath, the 
auxiliary use of phenobarbital, local application of ointments or lotion 
and minimal doses of roentgen rays. It was successful in 93.1 per 
cent of the 58 patients on whom a follow-up could be made. Bodkin *** 
reports good results with a formula containing “taka diastase” and 
diphenylhydantoin sodium given by mouth in a series of 42 cases. 
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Benign Tumors.—Lust *** reports a benign single polyp. Pfeiffer 
and Patterson *** describe 5 instances of congenital polyposis of the 
colon and emphasize the tendency of these lesions to undergo malig- 
nant changes. The condition is predominantly hereditary. 

Delannoy *’* depicts a submucous lipoma of the ascending colon 
producing a latent ileocecocolic invagination. 

Endometriosis—Klossner *** describes heterotopia endometriosis in 
the sigmoid flexure, diagnosed on gross inspection by the gynecologist 
at the first operation for a pelvic tumor as a carcinoma of the sigmoid. 
At the second operation microscopic examination disclosed the true 
diagnosis. 

Sarcoma.—Herly *** reports that paraffin pellets containing 1 mg. 
of methyl-cholanthrene introduced into the abdominal cavity of young 
adult male C57 mice produced ascites in fifty days and sarcomas in 
all mice surviving for ninety days. The ascitic fluid, even when 
obtained before the development of sarcomas, produced ascites and 
malignant tumors when injected intra-abdominally into another series 
of the same strain. The ascitic fluid obtained from this second series 
when injected intra-abdominally into a third series of mice again 
resulted in ascites and sarcomas. These tumors were transplantable 
by subcutaneous inoculation. Whatever the active agent may have 
been, it was destroyed by ether and by exposure to a temperature 
of 90C. 

Seven new lymphosarcomas of the digestive tract are presented 
by Moreton.**® The roentgenologic findings resembled carcinoma in 
all instances; the diagnosis was made by exploratory operation and 
biopsy. Three tumors occurred in the stomach and three in the ileum, 
and one involved both the stomach and the rectum. 

Resection of a spindle cell sarcoma of the rectal wall is described 
by Goldman and Marbury.*”° The patient was alive seven months later. 
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Carcinoma.—Dunham, Nichols and Brunschwig **+ have shown 
that cancerous mucosa contains less calcium and more potassium than 
adjacent normal mucosa. In papillomas of the colon an increase in 
potassium of the same order as that found in carcinoma was observed, 
but the degree of reduction in calcium was not so pronounced as in 
the latter. 

In a study of the location of colonic cancer in 1,457 patients from 
1936 through 1944 Boehme and Hanson ** found that 6.52 per cent 
(95) were cecal and that 3.30 per cent (48) were in the ascending 
colon, 2.94 per cent (43) in the hepatic flexure, 4.51 per cent (66) 
in the transverse colon, 2.4 per cent (34) in the splenic flexure, 
3.97 per cent (58) in the descending colon, 12.42 per cent (181) 
in the sigmoid, 53.32 per cent (777) in the rectum and 0.06 per cent 
(9) in the anus. Thus 75 per cent of all colonic carcinomas were 
located in the sigmoid, rectosigmoid or rectum. 

Rewell *?? reports two carcinomas of the rectum in sisters aged 29 
and 32. One had multiple polyposis of the colon and the other 
multiple telangiectasis. Casco Mufioz *** describes 2 patients with 
multiple simultaneous tumors of the large bowel. 

Swinton and Gillespie,**® in an analysis of symptoms and diag- 
nosis, found that the average time from the onset of symptoms to 
operation was nine months. In 100 patients with carcinoma of the 
right colon 87 per cent complained of abdominal cramps, indigestion 
or pain; only 9 had gross blood in the stools. Eighty per cent of 
patients with neoplasm of the left colon complained of change in the 
normal bowel habit; 30 per cent had frequent loose stools or diarrhea. 
In respect to patients with rectal neoplasms 86 per cent complained 
of abnormality of the stools in the form of pus, blood, mucus and 
sometimes a change in the caliber. Fifty per cent of the patients with 
benign mucosal tumors noted bleeding. Seventy per cent of the polyps 
can be visualized with a 10 inch (25.4 cm.) sigmoidoscope. Berk 4” 
discusses the findings in 21 patients with proved cancer of the colon 
and rectum in army general hospitals. 
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Dixon and Benson **7 review the records of 64 patients with carci- 
noma of the sigmoid or rectosigmoid involving the urinary bladder. 
Extensive resections were performed in 40, with 7 operative deaths. 
Twenty of the 40 were still living; survivals ranged from less than 
one to more than five years, and 7 had lived for five or more years. 

Surgical mortality rates and the merits of various operations are 
reviewed by numerous authors. Many helpful suggestions are given. 
Thus Bohme and Cattell **® believe that in most cases it is wise to 
avoid preoperative discussion of colostomy. They consider that in the 
management of a colostomy gauze bandages with a 6 inch wide 
(15 cm.) elastic belt are preferable to a colostomy bag. Pfeiffer 
and Levering,**? in 179 cases, note a gross over-all mortality of 
20.1 per cent; in favorable cases with operation of considerable mag- 
nitude the mortality was 5.5 per cent. Meyer and his associates **° 
report twenty one stage resections of the left half of the colon by an 
“open” technic, with a mortality of 5 per cent. ‘In 25 private patients 
primary resection and anastomosis were performed, with a 4 per cent 
mortality.*** In McMillan’s *** 27 cases in which he used a one stage 
procedure with end to end anastomosis and without preliminary cecos- 
tomy the single death was due to a pulmonary complication. Cattell 
and Colcock *** report that a modified Mikulicz resection employed 
in 450 patients gave a mortality of 11 per cent. In 1945, 84 patients 
with carcinoma of the colon were explored; resections were performed 
in 77, in 62 by a two stage modified Mikulicz procedure. Of the 77, 
39 per cent had lesions of the right colon, with primary resection 
in 13. There was no operative mortality in the 13. Shier *** dis- 
cusses the technic of resection of the right colon. 
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Of 461 patients with carcinomas of the anus, rectum and sigmoid, 
424 were submitted to operation by Bacon.*** In 371, 80 per cent 
of the original group, resection was accomplished without loss of the 
anal sphincter. In 262 (70 per cent of those resected) abdominal 
colostomy was not performed. In the 236 cases in which the procto- 
sigmoidectomy of Babcock was employed the mortality was 6.3 per 
cent. Peritanitis was the chief cause of death. Jenkins **® discusses 
the preservation of sphincter control. 

Lahey **? regards complete removal of the tumors as more impor- 
tant than maintenance of an intact rectal sphincter. In his experience, 
83.5 per cent of the rectosigmoidal tumors were resectable, with a 
3.8 per cent mortality. There was no recurrence in five years in 
50 per cent. Hayden *** reports that in 198 patients with carcinomas 
of the rectum treated with radical resection the total mortality rate 
was 13 per cent; in those treated with the single stage abdominoperineal 
resection it was 10 per cent. Of the 98 patients subjected to operation 
five or more years prior to the study, 32 (33 per cent) were still alive. 

Succinylsulfathiazole was found by Behrend **° to be nontoxic when 
given in large doses and effective in reducing the incidence of peri- 
tonitis and infection. Newton and Blodgett **° report a comparison 
of seventy-eight resections without preoperative administration of suc- 
cinylsulfathiazole and postoperative intestinal suction and thirty-six 
similar resections in patients receiving such treatment. The incidence 
of postoperative infection was reduced from 43 to 6 per cent and the 
mortality from 22 to 3 per cent. 

Postoperative anemia and circulatory collapse reported by Bartels ** 
were corrected by restoration of the fluid and salt balance. Approxi- 
mately 7 Gm. of salt is lost with each 1,000 cc. of ileostomy fluid. 
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As one looks back over the history of cancer of the colon in the 
past two or three decades, several points seem clear. In the first place, 
there has been relatively little advance in our knowledge of the cause 
of cancer, in the mechanism of its spread or in other pathologic 
features. The development and general use of the roentgenologic 
method and proctosigmoidoscopy have greatly increased the ease of 
diagnosis and, while reliable data are not available, seem surely to 
have brought about earlier diagnosis. Surgical technics have improved 
enormously ; however, the failure of the surgeons to agree on the best 
methods for dealing with lesions in various locations is clear evidence 
that the end of this developmental era has not yet been reached. 
Mortality rates have dropped steadily because of a combination of 
factors: improved surgical technics; better methods of anesthesia; 
more careful preoperative preparation, including attention to the plasma 
protein content and to the fluid and electrolyte balance; the prompt 
and effective use of blood and plasma to prevent and counteract shock ; 
the prevention of gastric and intestinal distention by routine use of 
Wangensteen gastric drainage, and, last but not least, the introduction 
of the antibiotics, the sulfonamide drugs and penicillin. And so, while 
the search for the cause of cancer is being continued, it is a mistake 
to overlook or minimize the tremendous therapeutic advances already 
made or to think that the end of the road has been reached; the 
maximum that can be accomplished with present available resources 
is not yet known. 











Book Reviews 


Carbohydrate Metabolism: Correlation of Physiological, Biochemical and 
Clinical Aspects. By Samuel Soskin, M.D., and Rachmiel Levine, M.D. 
Price, $6. Pp. 315. Chicago: University of Chicago Press, 1946. 


This is an important book. It is divided into five parts, and each part is divided 
into several chapters. Thus, carbohydrate metabolism is discussed from many 
viewpoints: its biochemistry, its physiology, its abnormal physiology in diabetes 
and other endocrine disorders and the manner in which its clinical and physiologic 
aspects can be integrated. At the end of each chapter is an active bibliography; 
in ail, more than twelve hundred references are cited, so that a reader can easily 
follow, in greater detail than have the authors, any trail in carbohydrate metabolism 
which happens to interest him. 

The various tables and illustrations are easily understood, and the printing is 
good. Best of all, the language is simple and direct, so that even the complicated 
intricacies of enzyme chemistry are made understandable. 

The authors state that their work is intended to serve as a correlative text 
for the teaching of the subject to students of physiology, biochemistry and medi- 
cine. They seem to have filled this large order adequately; their publication 
promises to be a standard source of reference. 


Cardiovascular Disease in General Practice. (General Practice Series). 
By Terence East, D.M. (Oxon.), F.R.C.P. (Lond.). Second edition. Price, 
12s. 6d. Pp. 198, with 40 illustrations. London: H. K. Lewis & Co., Ltd., 
1946 


The ArcuHives reviewed the first edition of this book (63:1235 [June] 1939), 
characterizing it as readable and worth meeting. The second edition is as good 
as the first, a little more up-to-date and continuing to give an admirable clinical 
discussion of various phases of cardiac disease and its management. New pro- 
cedures are described, such as the surgical attack on certain cardiac diseases and 
the treatment of subacute bacterial endocarditis with sulfonamide drugs or peni- 
cillin. The electrocardiogram is mentioned more frequently. The volume as a 
whole hews to the old line, attempting to evaluate the difficulties oftenest met in 
general practice and to show how they often may be overcome by relatively simple 
means. It is interesting to have the British viewpoint on such matters. 


Glomérulo-nefrite aguda difusa no Distrito Federal (Estudos de 116 
Casos). (Acute Diffuse Glomerular Nephritis in the Federal District). 
By Franciso Arduino and Romeu H. Loures. Volume 1, No. 2. Rio de 
Janeiro: Arquivos de Clinica, 1945. 

In the present work 116 cases of acute diffuse glomerular nephritis are studied, 
taken from seven hospitals in the Federal District (Brazil). These cases are 
analyzed with reference to occurrence, etiology, clinical picture, renal function, 
blood chemistry, evolution and treatment. 

The disease was about the same in both sexes, and the frequency was greatest 
between the ages of 11 and 35. The incidence was highest during the cold months 
of the year. The main causes of acute diffuse glomerular nephritis in hospitalized 
patients were observed to be infections of the skin (impetigo) and infections of 
the lymphoid tissue of the throat. 

“ne mode of onset in order of frequency was as follows: edema, headache, 
dyspnea, pain in the lumbar region, oliguria, anuria and purpura. Subcutaneous 
edema was present in practically all cases. The average blood pressure was 
observed in 70 per cent of the cases. Autopsies were performed in 4 cases. 
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This study shows that the incidence, the course and the prognosis of acute 
diffuse glomerular nephritis in Brazil are similar to those in studies made in the 
United States. This is an interesting monograph and well worth reading. 


Exercises in Human Physiology (Preparatory to Clinical Work). By Sir 
Thomas Lewis. Price, $1.25. Pp. 103, with 8 illustrations. London: The 
Macmillan Company, 1945. 


Sir Thomas Lewis has long advocated that in addition to the usual studies in 
physiology the student should also be trained in human physiology as seen in the 
normal human subject, and that he should learn what is the normal base line from 
which derivation might be judged. He has stated elsewhere that all the problems 
of clinical practice are amenable to solution by the same physiologic line of approach 
that one learns in the physiology laboratory. 

This little volume is a series of exercises in physiology of the normal human 
being. It can be recommended to the student and to his teacher, and to those in 
clinical practice as well. 


Experimental Studies on the Effect of Sulfapyridine on Pneumococci and 
Gonococci. By Kai Schmith. Translated from Danish by Hans Andersen, 
M.D. Pp. 216. Copenhagen, Denmark: NYT Nordisk Forlag, Arnold Busck, 
1941. 


This is a booklet covering the author’s experimental work on pneumococci and 
gonococci performed at the State Serum Institute, Copenhagen, Denmark, from 
1938 to 1940. It includes (1) an introduction, which reviews the results in Denmark 
of the treatment of pneumococcic infections with type-specific serum and sulfa- 
pyridine; (2) a historical review of the experimental research on the antibacterial 
effect of sulfanilamide and its derivatives; (3) five chapters that summarize the 
author’s experiments on the (a) effect of sulfapyridine on pneumococci in vitro, 
showing that it does exert a bacteriostatic effect that is dependent on the medium, 
the inoculum and the experimental conditions; (b) effect of sulfapyridine on 
experimental pneumococcic infections, showing that it exerts the same bacteriostatic 
effect in vivo that is dependent on the dose, the duration of treatment and the type 
and number of organisms present and that it does not interfere with specific 
immunity; (c) the resistance of pneumococci to sulfapyridine, in which it is shown 
that organisms do develop resistance both in vitro and in vivo, that there is a 
pronounced variation in resistance in different strains and types and that resistance 
is not dependent on the antigenic structure; (d) combined sulfapyridine treatment 
and active or passive immunization, in which it is shown that synergism is apparent, 
and (e) effect of sulfapyridine on gonococci, in which it is shown that there is a 
decided variation in sensitivity in vitro in different strains of organisms and that this 
is perpetuated in clinical transfer (each chapter contains a review of previous 
investigative work), and (4) a summary of all investigative work by the author. 

The booklet reveals careful, thorough and extensive experimental work on the 
effect of sulfapyridine in vitro and in vivo on the pneumococcus and its relation 
to serum therapy. The effect on gonococci is handled in much less detail. All 
experimerts are well controlled, and the conclusions are compatible with experi- 
mental findings. However, the majority of the experiments merely confirm or 
elaborate on the results of previous investigation. Some original observations are 
made, such as the tendency in mice for combined therapy (serum and sulfapyridine) 
to produce hematuria. 

The author duplicates the errors of all early investigators in this field, mainly 
in the use of serum and proteins in the mediums for in vitro experiments, which 
are now known to inhibit the action of sulfonamide drugs. Theories as to the 
mode of action of the sulfonamide drugs are reviewed, but no definite conclusions 
are drawn. All observations and conclusions add mainly to the completion of 
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the early data on the mode of action and effectiveness of sulfonamide therapy. 
They have lost present appeal, owing to the introduction of other sulfonamide 
derivatives and the newer antibiotics. 


Catgut Sterilization: The Basic Principles of the Spore-Germinating 
Method. By Henry M. Christensen. Pp. 174. Copenhagen, Denmark: 
NYT Nordisk Forlag, Arnold Busck, 1944. 


This monograph comprises original investigative work on a new method of 
sterilization of surgical gut and a historical review of methods of sterilization of 
surgical gut. 

The author describes a new method, known as the spore germination method. 
The first step is to sterilize freshly softened split and looped ribbons prior to 
twisting, according to the method of Kuhn. The next phase of the process concerns 
itself with the incubation of both anaerobes and aerobes to allow germination of 
all spores without the appearance of new resistant elements. After the period of 
cultivation, complete sterilization is then effected while the maximum number of 
spores are present and before new resistant spores have time to be formed. The 
subsequent handling of the ribbons after sterilization proceeds under simple aseptic 
precautions in properly equipped premises, followed by a mild after-sterilization. 

The author claims that by means of this method it is possible to produce a 
surgical gut that is both sterile and strong, but the entire process must be care- 
fully controlled bacteriologically, both for the incubation and the after-treatment. 
The author’s method of incubating first anaerobically and then aerobically results 
in an increase in the quantity of microbes to some extent over a short time; but 
with the short method of incubation the quantity of microbes does not play as 
important a part as the fact that the bacteria and spores can be killed before they 
affect the quality of the material. When the spore-germinating principle is properly 
applied, the number of spores within reasonable limits is quite unimportant as 
long as they, can all be killed by the subsequent process of sterilizing. It was 
found that 1 per cent solution of iodine at 40 C. (104 F.) will kill bacteria 
extremely rapidly. In the author’s experiments he was able to show that during 
the brief period of incubation there is a reduction in the resistance to iodine of 
microbes in the material, whereas if the incubation is prolonged resistance to iodine 
increases slowly. It was shown experimentally that treatment of the ribbons 
with 1 per cent solution of iodine results in no appreciable loss in tensile strength. 
Tests of absorption in white rats showed that surgical gut made according to the 
spore germination principle is absorbed no more slowly than surgical gut manu- 
factured in other ways. 

This monograph should be of interest to all those concerned with the preparation 
and manufacture of surgical gut. 


The Clinical and Prognostic Aspects of Acute Glomerular Nephritis. By 
Johan Rudebeck. Lund, Sweden: The Medical Clinic. 


It is stated in the introduction that, notwithstanding recent advances, knowledge 
of the clinical aspects of acute glomerular nephritis is still incomplete. In some 
respects the opposite views are asserted. The author’s material for this book is 
selected from records of cases of patients treated for glomerular nephritis in the 
Medical Clinic at Lund, Sweden, within a period of years from 1910 to 1939. 
This material comprises 356 patients over 10 years of age with no previous history 
of renal disease in whom an acute infection was followed by acute glomerular 
nephritis. One of the essential purposes of this book has been to try to settle 
which factors influence the prognosis of acute nephritis. Naturally, the reliability 
of the results obtained in this sort of an analysis is encumbered because of the 
impossibility of an exact estimation of the outcome in each individual case. This 
shortcoming, however, is admitted by the author, but this is a failing inherent in 
all such reports. 

The cases are analyzed, and the clinical data are tabulated and discussed in 
a manner which gives the reader the results of the author’s investigation in a 
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concise and satisfactory form. Many of the points taken up for study are problems 
which are stumbling blocks for all investigators of the diseases of the kidney. For 
example, the question arises as to whether all cases of chronic nephritis originate 
from neglected cases of acute nephritis. Then comes the discussion of the value 
of rest in bed and its effect on the ultimate consequence of acute nephritis. The 
influence of various other factors, such as tonsillectomy, diet and medication, on 
the prognosis is discussed. In the author’s opinion none of these factors has a 
favorable effect, that is, statistically, on the outcome. Undoubtedly, the author 
says, protracted confinement to bed is of no decisive significance in the prevention 
of the development of chronic nephritis. Likely the physician stands but a slight 
chance of influencing therapeutically the late result of acute glomerular nephritis. 

The material in this book is excellently analyzed, tabulated and discussed. The 
author modestly makes no pretense of settling the difficult problems brought up 
for investigation. There is a rich bibliography which comprises the important 
work of many authors. This book is an extremely fine addition to the world’s 
literature on nephritis, and all physicians interested in this subject are indebted to 
Dr. Rudebeck for his analysis and summary of his cases on the clinical and prog- 
nostic aspects of acute glomerular nephritis. 


Anais da Faculdade de Medicina da Bahia: 1944-1945. Volume IV. Pp. 398. 
Salvador, Bahia, Brazil: Faculdade de Medicina da Universidade da Bahia, 
1946. 


This book is a volume of ten articles by the professors of the Faculty of Medi- 
cine of Bahia (Brazil). One of the most interesting is the “Clinical Study of 
Myocardial Infarction,” with the presentation of numerous electrocardiograms 
and a study of electrocardiographic and clinical symptoms. The article “Rural 
Endemias” is a statistical study concerning the tropical diseases commoner in 
Bahia and their prophylaxis, such as malaria, intestinal parasites, schistosomiasis, 
and leishmaniasis, which are difficult medical problems in the rural zones of 
Brazil. The illustrations in the article on “Elephantiasis” concerning clinical cases 
in the state of Bahia are most interesting. In the article on “Allergy of the 
Newborn” the theories explaining the production of allergy in newborn infants 
are adequately discussed. Presentation of an interesting case of medullar schisto- 
somiasis mansoni is surgically and pathologically confirmed in a patient who had 
flaccid paraplegia. This study gives numerous references to Brazilian and foreign 
authors. An analysis of a case of mechanical jaundice by biliary stenosis has 
many fine illustrations of the enlargement of the liver. The abstract on treatment 
of noninflammatory chronic glaucoma and another on hemorrhages of the tonsils 
deal with both medical and surgical phases. The last article is an analysis of the 
different treatments for typhoid and includes a special chapter concerning the 
antipyretic properties of azedinha (Begonia bahiensis), which is a plant that grows 
in Bahia. 

As may be gathered from the foregoing statements, this book is well written 
and extensively illustrated. For persons interested in medical disorders in and 
about Central and South America this volume would make an excellent reference. 


Undersogelser over Virkningen af thyreotrope hypofyseforlappraeparater: 
Med saerligt Henblik paa Strykebestemmelse og standardisering. By 
I. B. Andersen. Pp. 172. Copenhagen, Denmark: G. E. C. Gads Forlag, 1943. 


This paper is an extension of investigations started by the League of Nations 
regarding the standardization and assay of the potency of thyrotropic hormone. 
Most of the methods which have been published were subjected to statistical 
analysis, but, unfortunately, histometric technics were not included. The author 
concludes that assay by means of the weight of the thyroid is the most suitable 
of those compared. The paper is written in Danish but includes an adequate 
English summary. 
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